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I N T R O D U C T I O N .

The o b je c t  o f  the r e se a r c h  r ep o r ted  in  t h i s  

t h e s i s  was to determ ine the b e s t  method o f  e s t im a t in g  

the E rythrocyte  Sed im entation  Rate in  a Sanatorium o f  

250 beds where the e s t im a t io n  i s  c a r r ie d  out m onthly  

on ev ery  p a t ie n t .  In c lu d in g  s t a f f  and o u t p a t ie n t s  

the  number o f  e s t im a t io n s  each week i s  about 7 0 , so 

s i m p l i c i t y  was d e s ir a b le  i f  i t  cou ld  be o b ta in ed  w ith 

out s i g n i f i c a n t  l o s s  o f  accuracy.

In P art I the  mechanism o f  the se d im e n ta t io n  

r e a c t io n  i s  d i s c u s s e d ,  and the  f a c t o r s  in f lu e n c in g  the  

r e a c t io n  when i t  i s  s tu d ie d  in  the t e s t  tube.

In P art I I  a s e l e c t i o n  o f  the methods which  

have been more or l e s s  w id e ly  used i s  rev iew ed  in  the  

l i g h t  o f  the c o n c lu s io n s  a r r iv ed  a t  in  P art I .

P r a c t ic a l  a p p l i c a b i l i t y  to  mass t e s t i n g  i s  a l s o  con

s id er ed .

P art I I I  i s  devoted to  a group o f  c a se  r e p o r ts  

in  which the c l i n i c a l  course  i s  c o n s id er ed  a long w ith  

the E rythrocyte  Sedim entation  Rate e s t im a te d  by the  

Westergren techn iqu e  w ith  the read ing  taken a t  the  end 

o f  2 hours.



HISTORY OF THE SEDIMENTATION REACTION

P a h re u s  (1921)  g i v e s  an e x h a u s t i v e  su rv e y  

o f  t h e  h i s t o r y  o f  t h e  S e d i m e n t a t io n  r e a c t i o n ,  from 

which the  f o l l o w i n g  p o i n t s  s t a n d  o u t .

P h l e b o t o m i s t s  from H i p p o c r a t e s  onwards 

n o t e d  t h a t  t h e r e  was a d i f f e r e n c e  b e tw een  norm al  

and p a t h o l o g i c a l  b l o o d  c o l l e c t e d  a t  a v e n i s e c t i o n ;  

b u t  a landmark  a p p e a r s  when Hewson (1739-1744)  

n o t e d  t h a t  r a p i d  s e d i m e n t a t i o n  o f  the  b l o o d  was th e  

most  i m p o r t a n t  f a c t o r  i n  t h e  p r o d u c t i o n  o f  t h e  b u f f y  

c o a t ,  which has  always been c o n s i d e r e d  a p a t h o l o g i c a l  

phenomenon. Hewson and Nasse showed t h a t  a c c e l e r a t e d  

s e d i m e n t a t i o n  was n o t  due to  a l t e r e d  s p e c i f i c  g r a v i t y  

o f  p lasma o r  c o r p u s c l e s .  Then Nasse o b se rv e d  t h e  

ten d en cy  o f  the  c o r p u s c l e s  to  c l u s t e r  i n  r a p i d l y  

s e d im e n t in g  b lo o d .  T h is  a g g l u t i n a t i o n  o f  c o r p u s c l e s  

i n  p a t h o l o g i c a l  b lo o d  was d e s c r i b e d  by  John H u n te r  i n  

1786. G u l l i v e r  n o t e d  t h a t  t h e  r a t e  o f  s e d i m e n t a t i o n  

was s low a t  f i r s t ,  t h e n  a c c e l e r a t e d .

About t h i s  t im e ,  s p e c u l a t i o n  on t h e  c a u s e  o f  

r a p i d  s e d i m e n t a t i o n  and f o r m a t io n  o f  b u f f y  c o a t  was 

l e a d i n g  to  the  view t h a t  i t  depended on th e  q u a n t i t y  

o f  f i b r i n  in  the  b l o o d .  B i e r n a c k i ,  was th e  f i r s t  to  

measure  th e  s e d i m e n t a t i o n  r a t e  w i t h  a v iew t o  a p p l y i n g  

the  t e s t  c l i n i c a l l y ;  b u t  u n f o r t u n a t e l y  he worked on



the th eo ry  th a t  th e  plasma was s e c r e t e d  by the  

c o r p u s c le s  and he th e r e fo r e  measured the p e r c e n t 

age volume o f  the su p ern atan t plasma. He used  

a sh o r t  wide tu b e , as t h i s  gave a la r g e r  plasma

p ercen tage  in  i  and 1 hour (b e ca u se ,  u n t i l  c e l l
*

packing in t e r f e r e d  w ith  i t ,  the  r a te  o f  f a l l  in  

a sh ort  wide tube would be th e  same as in  a lo n g e r  

and narrower o n e ) .



MECHANISM OF THE SEDIMENTATION REACTION

F a h r e u s  (1921) u s i n g  c i t r a t e d  "blood i n  t e s t  

t u b e s  o f  s u i t a b l e  l e n g t h ,  o b s e r v e d  t h a t  t h e  r a t e  o f  

f a l l  o f  t h e  u p p e r  c o r p u s c u l a r  l a y e r  a c c e l e r a t e d  a t
/( |V*

f i r s t  u n t i l  t h e  p a c k in g  o f  th e  c e l l s  a s  t h e  b o t t o n  

o f  the  tube  c a u se d  d e c e l e r a t i o n .  T h is  s u g g e s t e d  

t h a t  the  e r y t h r o c y t e s  f o l lo w e d  the  hydrodynamic  laws 

g o v e rn in g  th e  f a l l  o f  b o d i e s  in  f l u i d s .  S toke*s  law 

r e f e r s  to  s p h e r e s  f a l l i n g  i n  f l u i d  o f  i n f i n i t e  e x t e n t ,

b u t  th e  b a s i c  p r i n c i p l e  o f  i t  h o ld s  good f o r  b o d i e s

which a r e  n o t  s p h e r e s  f a l l i n g  i n  c o n f i n e d  sp a ce .

The e s s e n t i a l  fo rm ula  i s : -

V = 2 s -  s '
9 . g .  ji . r *

Where V = maximum v e l o c i t y  o f  f a l l  

g = 32 f t .  p e r  second 

s = s p e c i f i c  g r a v i t y  o f  f a l l i n g  body

q -  s p e c i f i c  g r a v i t y  o f  f l u i d

}i = v i s c o s i t y  o f  f l u i d  

r  = r a d i u s  o f  f a l l i n g  body.

F a h reu s  t h e r e f o r e  p o s t u l a t e d  t h a t  i n c r e a s e d  

E.S#R. must  be due to  one o f  f i v e  c a u s e s .

1. I n c r e a s e d  S. G. o f  e r y t h r o c y t e s .
i

2. D e c re ased  S. G. o f  p lasm a

3. D ecreased  v i s c o s i t y  o f  p lasma 

k.  I n c r e a s e d  s i z e  o f  e r y t h r o c y t e s  

5» A g g l u t i n a t i o n  o f  e r y t h r o c y t e s
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1 and 2 were r u l e d  o u t  e x p e r i m e n t a l l y  by F a h r e u s .

3. The v i s c o s i t y  o f  p lasma i s  g r e a t e r  i n  th e  more 

r a p i d l y  s e d im e n t in g  b l o o d s ,  owing to  i n c r e a s e  in  

p lasma p r o t e i n s .  Tang and Wang (192+1) c o n s i d e r  

t h a t  i n c r e a s e d  p lasm a  v i s c o s i t y  i s  a b e t t e r  in dex  

o f  d i s e a s e  a c t i v i t y  t h a n  t h e  E .S .R .  Also  a s t u d y  

o f  the  fo rm ula  above s u g g e s t s  t h a t  where th e  d i f f e r e n c e  

in  S.G. be tw een  th e  body and t h e  f l u i d  i s  s m a l l ,  a s  

i t  i s  w i t h  e r y t h r o c y t e s  and p la sm a ,  v i s c o s i t y  i s  a 

m inor  f a c t o r  in  d e t e r m i n i n g  th e  v e l o c i t y .  F a h r e u s  

d e m o n s t r a te d  the  t r u t h  o f  t h i s  by  d i l u t i o n  e x p e r im e n t s .  

The r e c e n t  work on t h i s  by  W h i t t i n g t o n  and M i l l a r  i s  

r e f e r r e d  t o  l a t e r .

I n c r e a s e  i n  th e  s i z e  o f  s i n g l e  e r y t h r o c y t e s  c o u ld  

o n ly  v e ry  s l i g h t l y  i n c r e a s e  t h e  r a t e  o f  s e d i m e n t a t i o n .  

U n a g g l u t i n a t e d  c o r p u s c l e s  su spended  i n  i s o t o n i c  c i t r a t e  

o r  s a l i n e  s o l u t i o n  sed im en t  v e r y  s lo w ly  ( a b o u t  0 . 5  mms. 

p e r  h o u r )  so even  d o u b l in g  th e  s i z e  o f  th e  e r y t h r o c y t e s  

would n o t  p roduce  a p a t h o l o g i c a l  E .S .R .

5> In  normal  c i t r a t e d  o r  o x a l a t e d  b l o o d  th e  e r y t h r o 

c y t e s  form r o u l e a u x  by j o i n i n g  f l a t  s u r f a c e  t o  f l a t  

s u r f a c e ;  b u t  t h e  r o u le a u x  a re  made up o f  a few 

e r y t h r o c y t e s  o n ly .  In  r a p i d l y  s e d im e n t in g  b l o o d  t h e  

r o u l e a u x  a re  lo n g ,  and a r e  j o i n e d  t o g e t h e r  to  form 

c l u s t e r s  which a r e  v i s i b l e  t o  t h e  naked eye  in  t h e  

s e d i m e n t a t i o n  tu b e ,  as  in  H u n t e r ’ s o b s e r v a t i o n  on 

v e n i s e c t i o n  b lo o d .  I have c o u n te d  r o u l e a u x  o f  12
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e r y t h r o c y t e s  i n  norm al  "blood, b u t  in  r a p i d l y  

s e d i m e n t i n g  b l o o d s  the  e r y t h r o c y t e s  i n  t h e  clumps 

a r e  u n c o u n t a b l e .  F a h r e u s  made an a p p rox im a te  

c a l c u l a t i o n  by  S t o k e 1s fo rm u la  t h a t  t h e r e  were o v e r  

100 ,000  e r y t h r o c y t e s  i n  the  clumps i n  one p a t h o l o g i c a l  

b lo o d .  T h is  a g g l u t i n a t i o n  o f  e r y t h r o c y t e s  i s  t h e r e 

f o r e  th e  o n ly  f a c t o r  which c o u ld  c a u se  the  E .S .R .  to  

i n c r e a s e  to  th e  e x t e n t  seen in  many d i s e a s e s .

The i n c r e a s e d  a g g l u t i n a t i o n  o f  e r y t h r o c y t e s  

in  r a p i d l y  s e d im e n t in g  b l o o d s  i s  a s s o c i a t e d  w i t h  an 

i n c r e a s e  o f  f i b r i n o g e n  a n d / o r  serum g l o b u l i n  in  th e  

p lasma ( F a h re u s  1921,  W e s te rg re n  192k)  and t h e  i n c r e a s e  

i n  t h e s e  i s  a s s o c i a t e d  w i t h  an i n c r e a s e  i n  t h e  v i s c o s i t y  

o f  th e  p lasm a  (Tang and Wang 192+1, V. S. ) The l a t e s t  

work on t h i s  q u e s t i o n  ( W h i t t i n g t o n  and M i l l a r  192+2) 

i s  an a b s t r u s e  m a th e m a t i c a l  s t u d y  on t h e  v i s c o s i t y  

o f  b lo o d  and p lasma r e l a t e d  to  the  maximum v e l o c i t y  

o f  s e d i m e n t a t i o n  i n  c o n t r o l l e d  c o n d i t i o n s ,  b u t  i t  

does n o t  b r i n g  a p p r e c i a b l y  n e a r e r  the  t im e  w henv iscom etry  

w i l l  r e p l a c e  e s t i m a t i o n  o f  t h e  E .S .R .  i n  t h e  o r d i n a r y  

l a b o r a t o r y .

In  o r d e r  to  d i s c o v e r  w h e th e r  o r  n o t  th e  

s e d i m e n t a t i o n  p r o d u c in g  p r o p e r t i e s  o f  th e  p lasma a r e  

e x h a u s te d  o r  r e d u c e d  by  c a u s i n g  S e d i m e n t a t i o n  once ,  

t h e  f o l l o w in g  e x p e r im e n t  was c a r r i e d  o u t .

EXPERIMENT I

Slood  8 cc. d i l u t e d  w i th  3 . 8 /  c i t r a t e  

s o l u t i o n  ^ . c . c .  was d i v i d e d  be tw een  two c e n t r i f u g e
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tu b es .  Prom tube 1 (6 c . c . )  a W estergren s e d i 

m entation  specim en was s e t  up im m ediately  and the  

rem aining 5 c . c ,  l e f t  to sed im ent in  the c e n tr i f u g e  

tube. Tube 2 was c e n tr i fu g e d  fo r  20 m in u tes ,  then  

the plasma was p ip e t t e d  o f f  and measured, and the  

c e l l s  washed. This specimen was then r e c o n s t i t u t e d  

w ith  a q u a n t ity  o f  plasma from tube 1 equal to the  

q u a n tity  removed b e fo r e  washing the c e l l s .  T his tube 

1 plasma was obta in ed  by g e n t le  c e n t r i f u g in g  a f t e r  

sed im en ta t io n  had been a llow ed  to proceed fo r  k0  

m inutes i . e .  u n t i l  i t  was approaching i t s  maximum 

v e l o c i t y  o f  se d im e n ta t io n . A W estergren sed im en ta tio n  

specimen was then s e t  up from the r e c o n s t i t u t e d  tube 2. 

The r e s u l t s  are shown in the ta b le .

TUBE 1. TUBE 2.

1 s t  Hour 8 mm. 5 mm.
2nd " 22. 5 mm. lJj.. 5 mm.
M. Y. 25mm/100 min. 20 mm/100 min.

This shows th a t  there  was a s lo w in g  o f  the  

E.S.R . in  t h i s  case  when "used" plasma was mixed w ith  

washed c e l l s  -  a s low in g  probably beyond the e x p e r i 

mental e rr o r  o f  r e c o n s t i t u t e d  b lood  experim ents. The 

r e s u l t s  must th e r e fo r e  be con sid ered  s u g g e s t iv e  but  

not c o n c lu s iv e .
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FACTORS INFLUENCING THE E .S .R .

In order to  a s s e s s  the va lu e  o f  v a r io u s  

methods o f  e s t im a t in g  the E .S.R . i t  has been  

n e c e ssa r y  to  stu dy  s e p a r a t e ly  the  f a c t o r s  th a t  

in f lu e n c e  sed im en ta tio n  ra te  when the sed im en ta tio n  

r e a c t io n  ta k es  p la c e  in  the l im i t i n g  c o n d it io n s  o f  

a la b o ra to ry  t e s t  tu b e , The c o n c lu s io n s  a r r iv e d  a t  

in  the fo l lo w in g  pages are b ia s e d  in  favour o f  

t e c h n ic a l  s i m p l i c i t y ,  and the  term Maximum V e lo c i t y  

o f  Sed im entation  in d ic a t e s  the maximum v e l o c i t y  

a t ta in a b le  in  the normal type o f  tube in  which c e l l  

packing has some s l i g h t  e f f e c t  from the  very  

b e g in n in g  o f  the  t e s t .  Higher v e l o c i t i e s  are a t t a i n 

a b le  in  bulb b o t Jomed tu b es  in  which the bulb w i l l  

accommodate the  packed c e l l s .  The in c r e a s e  in  v e l o c i t y  

in  such tubes may be up to 10$

*
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THE EFFECT OF TEMPERATURE ON THE E . S . R *

The f a c t  t h a t  the  E .S .R .  i s  s lowed by 

r e d u c t i o n  o f  t e m p e r a t u r e  o f  t h e  t e s t  h a s  lo n g  b e e n  

r e c o g n i s e d .  Most w o r k e r s ,  however ,  a p p e a r  to  a g r e e  

w i th  P l a s s  and Rourke (1929) t h a t ,  w i t h i n  t h e  l i m i t s  

o f  normal  l a b o r a t o r y  t e m p e r a t u r e s ,  t h e  e f f e c t  i s  

h a r d l y  s i g n i f i c a n t .

I t  was o b se rv ed  a t  t h e  C h e sh i re  J o i n t

S a n a to r iu m  a number o f  y e a r s  ago t h a t  t h e  range

o f  E .S .R .  i n  th e  p a t i e n t s  was s i g n i f i c a n t l y  more

r a p i d  i n  summer th an  in  w i n t e r .  T h is  l e d  t o  th e

i n s t a l l a t i o n  o f  a c o n s t a n t  t e m p e r a t u r e  c a b i n e t

c o n t r o l l e d  t h e r m o s t a t i c a l l y  a t  65®F* T h a t  t e m p e r a t u r e  

was c hosen  b e c a u s e  i t  i s  e a s i e r  to  h e a t  th e  c a b i n e t

i n  w i n t e r  t h a n  to  c o o l  i t  i n  summer. In  a warmer 

c l i m a t e  i t  would b e  a d v i s a b l e  t o  c o n t r o l  t h e  temp

e r a t u r e  a t  a h i g h e r  l e v e l .  The c a b i n e t  i s  h e a t e d  by 

two ca rbo n  f i l a m e n t  b u l b s  w i t h  a s b e s t o s  s h i e l d s  i n  

f r o n t  o f  them to  p r o t e c t  t h e  s e d i m e n t a t i o n  tu b e s  

from d i r e c t  r a d i a t i o n .  The f r o n t  i s  o f  g l a s s  so t h a t  

r e a d i n g s  may be  t a k e n  w i t h o u t  d i s t u r b i n g  t h e  temp

e r a t u r e .

For  a l l  my own work I have  u s e d  t h i s  c o n s t a n t  

t e m p e r a tu re  c a b i n e t .  The n e c e s s i t y  f o r  t h i s  v/as 

co n f i rm ed  by a number o f  o b s e r v a t i o n s  on d u p l i c a t e
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sp ec im en s  s e t  up  from th e  same "blood s a m p le s ,  one i n  

t h e  c o n s t a n t  t e m p e r a t u r e  chamber and t h e  o t h e r  on t h e  

l a b o r a t o r y  bench  i n  norm al  w i n t e r  w e a t h e r .  (E x p e r im e n t  

2 . ).

T ab le  1 g i v e s  t h e  r e s u l t s y 2nd h o u r  r e a d i n g  

on a W es te rg re n  200 mm. t u b e s ,  which show t h a t  

marked s lo w in g  o f  th e  E .S .R .  may r e s u l t  from a temp

e r a t u r e  d rop  o f  o n ly  9°F> and a l s o  t h a t  t h e  r e s p o n s e  

o f  t h e  E .S .R .  to  f a l l  i n  t e m p e r a t u r e  i s  so e r r a t i c  

t h a t  a c o r r e c t i o n  f a c t o r  c o u ld  n o t  b e  found. Even 

b l o o d  samples  from t h e  same donor  b eh aved  d i f f e r e n t l y  

on d i f f e r e n t  days  a l t h o u g h  t e c h n i q u e  was r i g i d l y  

s t a n d a r d i s e d .

Day (19U0) a t t r i b u t e s  E .S .R .  v a r i a t i o n  w i th  

t e m p e r a t u r e  to  s lo w e r  a g g l u t i n a t i o n  o f  th e  e r y t h r o c y t e s  

when th e  t e m p e r a t u r e  i s  l o w e r ,  w i th  th e  consequence  

t h a t  th e  maximum v e l o c i t y  o f  s e d i m e n t a t i o n  i s  r e a c h e d  

l a t e r ,  He h e l d ,  however ,  t h a t  th e  maximum v e l o c i t y ,  

though  r ea ch e d  l a t e r ,  i s  th e  same i n  t h e  warm as  i n  

t h e  c o o l  specimen. T h is  i s  n o t  i n  k e e p in g  w i t h  my 

f i n d i n g s  i n  e x p e r im e n t s  where the  d i f f e r e n c e  i n  

t e m p e r a t u r e  be tween  t h e  specim ens  was sometimes a s  

l i t t l e  a s  7°P» The v a r i a t i o n s  in  M.V. (T ab le  2) 

a r e  a s  s t r i k i n g  as the  v a r i a t i o n s  i n  2nd h o u r  

r e a d i n g ,  and as e r r a t i c .  Two specimen s e d i m e n t a t i o n  

c h a r t s  a r e  appended (iTos. 1 and 2. ).



Ta"ble
: - 1 1 -  

1. W es te rg re n  2nd Hour R ead in g  a t

------------- --—--- ----~---- » .....—...

V a r io u s  T e m p e r a tu r e s

65 F. 58° 57° 56° 55° 53° 52° 50° k9°

9
10 7 . 5

5

l k l k lk

15 11. 5

16 l k 6

18 10 5

26 20 20

36 3k

ko ' 3k 23

kk 3k 32

k9 38

59-5 3 7 .5

61 51

66 3k

80 77

TABLE 2. M. V. in  mm/100 rain, a t V a r io u s T e rap e r a  tu  r  e s

65  P. 58° 53° 52° U9° ■
10 k. 5

1 0 .5 8

20 1 5 .5

26 .5 25

1+6
3 2

52 kk

55 k l - 3

73-5 3 8 .5

85 75

92 116 f
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THE EFFECT OF THE CELT. VOLUME OR CELL COUNT ON THE- E. 5. R.

So much work has  b ^ e n  clone on t h i s  q u e s t i o n ,  

t h a t  a p a r t  from two e x p e r im e n t s  d e m o n s t r a t i n g  t h a t  the  

f i n d i n g s  o f  o t h e r s  a r t  c o n f i rm e d  when th e  W este rg ren  

200 mm. tu b e  i s  u s e d  I  w i l l  c o n f in e  m y s e l f  t o  a r e v ie w  

o f  t h e  l i t e r a t u r e .

EXPERIMENT 3 -

O b j e c t :  To d e te r m in e  th e  a f f e c t  o f  anaemia  on s e d i 

m en t ing  b l o o d  by v a r y i n g  th e  p r o p o r t i o n  o f  c e l l s  to  

p la sm a ,  m a i n t a i n i n g  th e  p r o p o r t i o n  o f  a n t i c o a g u l e n t  

a p p r o x i m a t e ly  c o n s t a n t .

Blood 9» 5 cc .  d i l u t e d  w i th  c i t r a t e

s o l u t i o n  0 . 5  cc .  was c e n t r i f u g e d  and th e  p la sm a  removed. 

The c e l l s  were washed w i t h  c i t r a t e  s o l u t i o n  and th e  

washed c e l l s  suspended  i n  an e q u a l  volume o f  the  

c i t r a t e d  p lasma.  Prom t h i s  s u s p e n s io n  f o u r  spec im ens  

were p r e p a r e d ,  a s  shown in  t h e  t a b l e ,  b y  m ix in g  v a r y i n g  

q u a n t i t i e s  o f  c e l l  s u s p e n s i o n  and p lasm a w i t h  a u n i fo rm  

q u a n t i t y  o f  c i t r a t e  s o l u t i o n .  I t  i s  e s t i m a t e d  t h a t  t h e  

s l i g h t  i n c r e a s e  i n  c i t r a t e  c o n t e n t  as  t h e  d i l u t i o n  o f  

c e l l s  i n c r e a s e s  w i l l  be  compensa ted  b y  th e  l e s s e r  

q u a n t i t y  o f  c i t r a t e  c a r r i e d  by the  l e s s e r  volume o f  

washed c e l l s .

TABLE I

C e l l  S uspens ion C i t r a t e d  Plasma 3*8^ C i t r a t e  So l . T o ta l
1. 1 .2 — 0. 2 1.1+ cc.
2. 1 .0 0. 2 0. 2 1.1 + cc.
3. 0 .8 0.1+ 0. 2 1.1+ CC.
5. 0. 6 0. 6 CM•O

l . h  ccx.



The f o u r  d i l u t i o n s  were s e t  up i n  W e s te rg re n  200 in 

tu b e s  i n  the  c o n s t a n t  t e m p e r a t u r e  c a b i n e t  and the  

r e s u l t i n g  s e d i m e n t a t i o n  o b se rv ed  f o r  3 h ou rs  a t  10 

m inu te  i n t e r v a l s .  The e x p e r im e n t  was r e p e a t e d  u s i n g  

a m o d e r a te ly  r a p i d  s e d i m e n t i n g  b lo o d .  The r e s u l t s  

a re  t a b u l a t e d  below.

TABLE k.

Blood

A

B

D i l u t i o n

1
2
3
k

1
2
3
k

2nd Hour

k
16. 5 
36. 5 
7k-  0

2k
38
88

120

M.Y.

k - 5
1 7 . 5
33
7 3 - 5

26
60
88

138

Log M.V.

0 . 65
1 . 2 k  
1. 5k  
1 . 8 7

1.1+1 
1 . 7  8 
l - 9 k  
2 . I k

T h is  c o n f i rm s  t h a t  r e d u c t i o n  o f  c e l l  volume 

i s  a s s o c i a t e d  w i th  i n c r e a s e  in  E .S .R.

EXPERIMENT U.

An i n  v iv o  e x p e r im e n t  was a t t e m p te d .  An E .S .R .  

e s t i m a t i o n  and e r y t h r o c y t e  c o u n t  were c a r r i e d  ou t  on a 

b lo o d  donor  im m e d ia te ly  b e f o r e  b l e e d i n g .  Two days 

l a t e r  t h e s e  t e s t s  were r e p e a t e d .

R e s u l t :  TABLE 5.

B.B.C. 

E. S.R.

B e fo re  B l e e d i ng

k , 6 7 5 , 0 0 0

15 mm/2 Hr.

A f t e r  B le e d in g .

k ,  02+5,000 

15 mrr/2 Hr.

A plasma a n a l y s i s  would have added c o n s i d e r a b l y  to  t h e  

v a lu e  o f  t h i s  exp er im en t .



I t  i s  o b v i o u s l y  n e c e s s a r y  to  er/qjloy some 

method o f  c o r r e c t i n g  the  E .S .R .  to s t a n d a r d  c e l l  

c o u n t  o r  c e l l  volume i f  c o n c l u s i o n s  a r e  t o  be  drawn 

from a s i n g l e  t e s t .  But a c a se  can b e  made f o r  

o m i t t i n g  t h i s  c o r r e c t i o n  i n  s e r i a l  t e s t s .

a. In  th e  g r e a t  m a j o r i t y  o f  p a t i e n t s  th e  b lo o d  c o u n t  

does n o t  v a r y  g r e a t l y  d u r i n g  the p e r i o d  o f  

o b s e r v a t i o n .  T h e r e f o r e  t h e  com par ison  o f  s e r i a l  

r e s u l t s  i s  r e a s o n a b l y  a c c u r a t e .  Sxcej^t ion must 

be made f o r  c a s e s  o f  c o p io u s  h a em o p ty s is  and f o r  

c a s e s  u n d e rg o in g  m a jo r  s u r g i c a l  i n t e r v e n t i o n  w i th  

c o n s i d e r a b l e  b lo o d  l o s s ,  such  as  t h o r a c o p l a s t y .

b .  The o b v i o u s l y  anaemic p a t i e n t  i s  t r e a t e d  f o r  

anaemia u n t i l  the  b l o o d  c o u n t  r e t u r n s  to  norm al .  

Improvement in  the  E .S .R .  d u r i n g  th e  p e r i o d  o f  

t r e a t m e n t  f o r  anaemia may be  d i s c o u n te d  when 

r e s u l t s  a r e  a s s e s s e d .  T h e r e a f t e r  comparab le  

r e s u l t s  w i l l  be  o b ta in e d .

c. Any method o f  c o r r e c t i o n  t o  normal  b lo o d  c o u n t  

e n t a i l s  t h e  e x p e n d i tu r e  o f  a c o n s i d e r a b l e  amount 

o f  t im e  by  a s k i l l e d  worker .  I t  would m u l t i p l y  

t h e  m an/m inu tes  r e q u i r e d  f o r  th e  t e s t ,  i f  the  

s im p le  method ad v o ca te d  l a t e r  i s  employed,  b y  n o t  

l e s s  t h a n  t h r e e .  This  would g r e a t l y  r ed u c e  th e  

number o f  t e s t s  t h a t  could  be c a r r i e d  o u t  a t  t h e  

same t im e ,  and i n  most i n s t i t u t i o n s  the  t e s t  

c o u ld  n o t  be  c a r r i e d  o u t  so f r e q u e n t l y  a s  i s  

c l i n i c a l l y  d e s i r a b l e .



. The b e s t  c o r r e c t i o n  methods r e q u i r e  more b lo o d  

t h a n  th e  s im p le  t e s t .  T h i s  means t h a t  c o r r e c t i o n  

c o u ld  n o t  a lways be  c a r r i e d  o u t ,  a s  th e  r e q u i r e d  

q u a n t i t y  o f  b l o o d  may n o t  be o b t a i n e d  from p a t i e n t s  

i n  p o o r  c o n d i t i o n .



METHODS OP CORRECTING THE E .S .R .  TO A. NORMAL CELL 
COUNT OR CELL VOLUME

a. The "blood sample may h e  a d j u s t e d  by  w i th d ra w a l  o r  

a d d i t i o n  o f  p lasma t o  b r i n g  t h e  e r y t h r o c y t e  c o u n t  

to  a s t a n d a r d  f i g u r e ,  s a y  5 m i l l i o n .  T h is  i s  t h e  

method a d v o ca te d  by S c h u s t e r  (1938) and Walton 

(1933)* The b l o o d  c o u n t  i s  a d j u s t e d  a c c o r d i n g  t o  

th e  fo rm u la  o f  B la c k lo c k  (1921) .  T h is  method has 

t h e  g r e a t  a d v an tag e  t h a t  i t  i s  u n i v e r s a l  and n o t  

a p p l i c a b l e  t o  o n ly  one method o f  e s t i m a t i n g  th e  

E .S .R .  A l so ,  S c h u s t e r  formed the  im p r e s s io n  from 

a c o n s i d e r a b l e  volume o f  e x p e r i m e n t a l  work, t h a t  

o t h e r  methods o f  c o r r e c t i o n  were n o t  r e l i a b l e .

The t im e  r e q u i r e d  f o r  th e  c o r r e c t i o n  i s  c o n s i d e r a b l e  

as  i t  e n t a i l s  an e r y t h r o c y t e  cou n t .  In  a l l  b u t  

s e v e r e l y  anaemic c a se s  (R .3 .C .  2 m i l l i o n )  k cc. o f  

b lo o d  i s  s u f f i c i e n t  f o r  making up a c o r r e c t e d  sample  

when u s i n g  th e  W este rg ren  T echn ique .

b .T h e  n u m e r i c a l  c o r r e c t i o n  method a d v o c a te d  b y  C o l l i n s  

e t  a l  (1939) i s  a p p l i c a b l e  o n ly  to  t h e i r  own method 

o f  e s t i m a t i n g  th e  E .S .R .  which i s  c o n s i d e r e d  in  

d e t a i l  e ls e w h e re .  The s e d i m e n t a t i o n  i s  o b se rv ed  i n  

u n a d j u s t e d  b lo o d  and th e  r e s u l t  c o r r e c t e d  to  c o r r e s p o n d  

w i t h  t h e  same b lo o d  a d j u s t e d  to  a packed  c e l l  volume

o f  k2% by th e  a d d i t i o n  o r  s u b t r a c t i o n  o f  a f a c t o r  

which th e y  a r r i v e d  a t  e x p e r i m e n t a l l y .
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c .T h e  g r a p h i c a l  c o r r e c t i o n  t a b l e  d e v i s e d  by Rourke 

and E r n s t e n e  (1930)  t a k e s  i n t o  a c c o u n t  th e  f a c t  

t h a t  the  more r a p i d l y  s e d i m e n t i n g  b l o o d s  a re  

more a f f e c t e d  by red u ced  c e l l  volume t h e n  slow 

s e d im e n t in g  b l o o d s .  I t  a l s o  i s  o n ly  a p p l i c a b l e  

to  t h e i r  own method o f  e s t i m a t i n g  the  E .S .R .  which 

i s  t h e  l a b o r i o u s  one o f  d e t e r m i n i n g  th e  maximum 

v e l o c i t y  o f  s e d i m e n t a t i o n .  The packed  c e l l  volume 

( P . C . V . ) i s  d e te r m in e d  and th e  M.V. c o r r e c t e d  to  

c o r r e s p o n d  w i th  a P .C .V. o f  k5%> A cco rd in g  to  th e  

a u t h o r s  s i x  to  e i g h t  t e s t s  f u l l y  occupy  an o b s e r v e r  

f o r  1-J to  2 h o u r s .  T h e r e f o r e  to  c a r r y  ou t  the  

70 t e s t s  a week which a re  c a r r i e d  o u t  a t  t h e  C h e s h i r e  

J o i n t  S a n a to r ium  would occupy a t r a i n e d  l a b o r a t o r y  

worker  f o r  a t  l e a s t  15 hou rs  -  two f u l l  working days .

d. The c o r r e c t i o n  g rap h  employed by Gram (1929) f o r  t h e  

W es te rg re n  t e c h n iq u e  i s  b a s e d  on th e  haemoglobin  

p e r c e n t a g e  i n s t e a d  o f  the  e r y t h r o c y t e  c o u n t  o r  packed  

c e l l  volume. T h is  makes i t  s im p le r  to  c a r r y  o u t ,  b u t  

o b v i o u s l y  l e s s  a c c u r a t e .

e .  The method d e v i s e d  by  Rees- Walton (1933) i s  s im p le  

and i n g e n io u s  b u t  i s  a p p l i c a b l e  o n ly  to  h i s  t e c h n iq u e .

S c h u s t e r ’ s work i n d i c a t e s  t h a t  c o r r e c t i o n  o f  

t h e  sample  to  a s t a n d a r d  e r y t h r o c y t e  c o u n t  o r  c e l l  

v o 1ume i s  more a c c u r a t e  t h a n  any g r a p h i c a l  o r  

a r i t h m e t i c  method.



THE HEIGHT OF THE COLUMN OP BLOOD

I t  h a s  been  n o t e d  above t h a t  t h e  s e d i 

m e n t a t i o n  o f  e r y t h r o c y t e s  i n  a s u i t a b l e  t e s t  tube  

may be  d i v i d e d  i n t o  t h r e e  p e r i o d s ,  a c c e l e r a t i o n ,  

maximum v e l o c i t y ,  and d e c e l e r a t i o n  due to  p a ck in g .

As th e  phenomenon we wish  t o  measure  i s  t h e  v e l o c i t y  

o f  s e d i m e n t a t i o n ,  any method which does  n o t  p e r m i t  

t h e  b l o o d  t o  r e a c h  i t s  maximum v e l o c i t y  i s  bound 

to  re d u c e  th e  s e n s i t i v i t y  o f  the  t e s t  f o r  t h e  more 

r a p i d l y  s e d im e n t in g  b l o o d s .  S c h u s t e r  (1938)  t e s t e d  

t h e  e f f e c t  o f  columns 200 mm, 100mm, 50 mm and 33 nim. 

h i g h ,  and d e c i d e d  to  u se  the  100 mm. column, a p p a r e n t l y  

b e c a u se  i t  was e a s i e r  to  o b t a i n  th e  n e c e s s a r y  q u a n t i t y  

o f  b ip o d .  Day (19U0) p l o t t e d  th e  s e d i m e n t a t i o n  o f  

f o u r  b l o o d  samples i n  columns 200 mm, 100 mm and 60 mm 

h ig h ,  and showed t h a t  th e  most r a p i d l y  s e d im e n t in g  

o f  h i s  f o u r  b lo o d  f a i l e d  t o  r ea ch  i t s  maximum v e l o c i t y  

o f  s e d i m e n ta t i o n  i n  t h e  60 mm and 100 mm columns,  

b e ca u se  p a c k in g  had begun to  t a k e  e f f e c t  b e f o r e  th e  

maximum v e l o c i t y  was r e a c h e d ;  w h i le  o n ly  th e  s l o w e s t  

s e d i m e n t i n g  sample r e a c h e d  i t s  maximum v e l o c i t y  i n  

t h e  60 mm column. On th e  a t t a c h e d  c h a r t  ( C h a r t  3)

I  have p l o t t e d  the  s e d i m e n t a t i o n  o f  a r a p i d l y  

s e d im e n t in g  b lo o d  i n  200 mm. and 100 rain, columns 

a t  5 m inute  i n t e r v a l s  f o r  t h e  f i r s t  h o u r  and t h e r e 

a f t e r  a t  10 minute  i n t e r v a l s .  (E xper im ent  5*)• I t  

w i l l  be  seen  t h a t  t h e  100 mm. column a lm o s t  succeed ed
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in  reach in g  i t s  maximum v e l o c i t y  fo r  f i v e  m inutes  

on ly . But the p o s s i b l e  e rro r  in v o lv ed  in  drawing  

a l i n e  o f  maximum v e l o c i t y  through two p o in t s  on ly  

i s  la r g e .  In normal t e s t s  a t  l e a s t  th ree  p o in ts  

are always in c lu d ed . I f  t h i s  i s  done on Chart 3* 

the  M.V. fo r  200 mm and 100 mm columns becomes- n o t  

2i|.0mm/100 min. and 2l0mrn/100 min. hut, 2h0 and 1 5 6 .

The la ck  o f  s e n s i t i v i t y  o f  both  the 1 s t  and 2nd hour 

read ing  in  the 100 mm column fo r  such r a p id ly  s e d i 

menting b lo o d s  i s  obvious when i t  i s  borne in  mind 

th a t  m oderately  rap id  sed im en tin g  b lo o d s  would show 

approxim ately  equal read in gs a t  1 hour in  100 mm. and 

200 mm. columns, and slow sed im enting  b lo o d s  would 

be ? equal a t  b o th  1 hour and 2 hours.

Though t h i s  red u c tio n  o f  s e n s i t i v i t y  a t  the  

high er  sed im en ta t io n  r a te s  i s  not o f  g r e a t  c l i n i c a l  

s i g n i f i c a n c e ,  I favour the 200 mm. column, which 

was W estergren’ s (1921) c h o ic e ,  a s  I do n o t  f in d  

th a t  S c h u s te r ’ s argument regard ing  the d i f f i c u l t y  

o f  o b ta in in g  the n e c e s s a r y  b lood  h o ld s  good. In an 

e x p e r ien ce  o f  some thousand o f  t e s t s  on tu b ercu lou s  

men and women I have found th a t  when one su cceed s  

in  o b ta in in g  b lo o d , the q u a n t ity  i s  s u f f i c i e n t  f o r  

the  200 mm. column. The e x c e p t io n s  have been roughly  

1 in  1000. Less than 2g o f  female p a t i e n t s  o c c a s io n a l ly  

m iss a monthly t e s t  through f a i lu r e  to  o b ta in  b lood  

a t  a l l .



BORE OP TUBE

I t  h a s  been  o b se rv e d  t h a t  the  b o r e  o f  

t h e  tu b e  u se d  f o r  th e  t e s t  may have some e f f e c t  on 

t h e  B. S.R. Ham & C u r t i s  (1938)  who u sed  o x a l a t e d  

b lo o d  f o r  t h e i r  t e s t s ,  found t h a t  t h e r e  was s lo w in g  

o f  t h e  E .S .R .  and i r r e g u l a r i t y  o f  r e s u l t s  when t h e  

tube  b o re  was l e s s  t h a n  2 min. and t h a t  t h e r e  was 

some s lo w in g  when t h e  b o r e  was 2 . 5  mm. ( t h e  W e s te rg re n  

p i p e t t e ) .  The e f f e c t  was i n v e s t i g a t e d  u s i n g  c i t r a t e d  

b lo o d  (20% o f  3*8^o sodium c i t r a t e  s o l u t i o n )  in  p i p e t t e s  

g i v i n g  a h e i g h t  o f  column o f  200 mm. w i t h  th e  f o l l o w i n g  

b o r e s : -  1 .1  mm, 1 .2  mm, 1 .3  mm, 2 .0  mm, 2 .6  mm ( t h i s  

was a W gste rg ren  p i p e t t e )  3* 6 mm and k . 2 mm. The 

tu b e s  were  c a l i b r a t e d  by  me b y  the  m ercury  method.

EXPERIMENT 6.

P a r a l l e l  t e s t s  e ach  from a s i n g l e  b lo o d  sam ple ,  

were c a r r i e d  o u t  on slow, m o d e ra te ,  and r a p i d l y  s e d i -  

m en t ing  b l o o d s .  The r e s u l t s  a r e  shown on th e  g raph .

I t  a p p e a r s  t h a t  tu b e  b o r e  down to  1 .1  mm. 

has  l i t t l e  e f f e c t  on slow s e d im e n t in g  b lo o d .  With 

m o d e r a te ly  r a p i d l y  s e d im e n t in g  b l o o d  t h e  b o r e  o f  the  

tube has  no s i g n i f i c a n t  e f f e c t  u n t i l  th e  b o re  i s  

re d u c e d  be low  2 mm. Below t h a t  t h e r e  i s  s i g n i f i c a n t  

i r r e g u l a r i t y .  With r a p i d l y  s e d im e n t in g  b lo o d  t h e  

b o re  o f  th e  tu b e  has  more e f f e c t .  The most r a p i d
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E. S.R. was o b t a i n e d  in  th e  2 .0  mrn tu b e .  Below t h i s  

b o r e  t h e r e  was s i g n i f i c a n t  s lo w in g  and t h e r e  was 

a l s o  s lo w in g  i n  th e  w id e r  t u b e s ,  though  n o t  so marked.

V a r i a t i o n  above and be low t h e  r e p u t e d  b o r e  

o f  s t a n d a r d  tu b e s  p r o b a b l y  does n o t  exceed  + 0 . 1  mm. 

Such v a r i a t i o n s  w i l l  n o t  c a u se  s i g n i f i c a n t  v a r i a t i o n s  

i n  t h e  E .S .R .  u n t i l  t h e  s m a l l e s t  tube b o r e s  a re  

r e a c h e d .  O b s e r v a t io n  o f  s e d i m e n t a t i o n  t a k i n g  p l a c e  

i n  na r row  t u b e s  ( 1 . 0  mm - 1 . 5  nim) s u g g e s t s  t h a t  

i r r e g u l a r i t i e s  o f  s e d i m e n t a t i o n  o c c u r  when t h e  

r o u l e a u x - a g g r e g a t e s  a r e  o f  such  s i z e  i n  com par ison  

w i t h  t h e  b o r e  o f  t h e  tu b e  t h a t  t h e y  can no l o n g e r  f a l l  

f r e e  in  t h e  p lasm a .  The d i s p l a c e d  p lasma a p p e a r s  to  

f lo w  up i n  t h e  p e r i p h e r y  o f  the  t u b e  w h i le  th e  f a l l i n g  

r o u l e a u x  a g g r e g a t e s  form a s o l i d  l o o k in g  c o re .  In  

such  c i r c u m s ta n c e s  i t  i s  n o t  s u r p r i s i n g  t h a t  i r r e g u l a r 

i t i e s  i n  E .S .R .  a r e  found.

I f

R o n e  t *  W i t L . « c T « e s

1*1 I'I i *



CHOICE OF ANTICOAGULENT

The f o l l o w i n g  a n t i c o a g u l e n t s  have "been recommended 

by v a r i o u s  a u t h o r s .

1. Sodium C i t r a t e ,  d ry  o r  i n  s o l u t i o n  o f  
s t r e n g t h  v a r y i n g  from 2% to  5$

2. O x a l a t e s ,  e i t h e r  d ry  o r  in  s o l u t i o n

3* Hepar in  o r  H i r u d in

1+. C h lo r a z o l  P a s t  P in k .

Ham & C u r t i s  (1938) make a good t h e o r e t i c a l  

c a s e  f o r  a d ry  o x a l a t e  m ix tu r e  c o n t a i n i n g  ammonium 

and p o t a s s i u m  o x a l a t e ,  as  recommended hy H e l l e r  and 

P a u l  (1934)* T h i s  has t h e  minimum e f f e c t  on th e  

e r y t h r o c y t e s ,  and t h e  "blood i s  n o t  d i l u t e d .

My own e x p e r i e n c e  makes me f a v o u r  20$ o f  

an i s o t o n i c  (3*8$) s o l u t i o n  o f  sodium c i t r a t e  f o r  

t h e  f o l l o w i n g  r e a s o n s

1. The d a n g e r  o f  c l o t t i n g  in  t h e  s y r i n g e  when 

t a k i n g  t h e  specimen i s  e l i m i n a t e d .

2. O x a la t e d  "blood sometimes b e h av e s  e r r a t i c a l l y  

i n  t u b e s  o f  2 .3  mm. b o r e .

3. V a r i a t i o n s  i n  E .S .R .  due t o  s l i g h t  e r r o r  

i n  t h e  q u a n t i t y  o f  b lo o d  o r  c i t r a t e  s o l u t i o n  i s  l e s s  

when 20$ o f  the  c i t r a t e  s o l u t i o n  i s  u sed  th a n  when 10$ 

i s  u se d  a s  recommended by  Walton (1933)*
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1+. The a n t i c o a g u l e n t  sh o u ld  he  i s o t o n i c  w i th  b lo o d  

( e . g .  3*8% sodium c i t r a t e )  so t h a t  i t  w i l l  have t h e  

minimum e f f e c t  on e r y t h r o c y t e s .

5- 20% o f  c i t r a t e  s o l u t i o n  i s  t h e  most u n i v e r s a l l y  

u se d  a n t i c o a g u l e n t  i n  Europe.  Any o t h e r  would h a v e  

t o  show d e f i n i t e  a d v a n ta g e s  b e f o r e  a change  c o u ld  be  

a d v o c a te d .



DAY TO DAY VARIATIONS IN THE E. S. R.

I n  a r e c e n t  p a p e r  Greene (19U1) r e p o r t e d  

a s e r i e s  o f  o b s e r v a t i o n s  on no rm al  women i n  which  he 

f a i l e d  to  f i n d  any c o r r e l a t i o n  be tw een  v a r i a t i o n s  in  

th e  E .S .R .  (W e s te rg re n  1 s t  h o u r )  and th e  m e n s t r u a l  

p e r i o d .  However, a l l  h i s  c a s e s  d id  show a v a r i a t i o n  

i n  th e  E .S .R .  from day t o  day ,  c o n s i d e r a b l e  i n  some. 

Greene does  n o t  say  t h a t  t e m p e r a t u r e  was c o n t r o l l e d  

d u r i n g  h i s  o b s e r v a t i o n s ,  so i t  was d e c i d e d  to  do a 

sm a l l  s e r i e s  o f  d a i l y  o b s e r v a t i o n s  on th e  E .S .R .  o f  

two q u i e s c e n t  w ork ing  t u b e r c u l o u s  s u b j e c t s .  (E x per im en t  

7 ) .  The t e m p e r a tu r e  o f  the  t e s t  was c o n t r o l l e d  a t  

65°F. W e s te rg re n  200 mm. t u b e ,  1 s t  and 2nd h ou r  

r e a d i n g .

The r e s u l t s  a r e  shown in  C h a r t s  5 & 6. The 

f a c t  t h a t  S u b j e c t  A. d e v e lo p e d  Coryza on th e  t h i r d  

day p o s s i b l y  adds to  t h e  i n t e r e s t  o f  th e  e x p e r im e n t .

The f a c t  t h a t  S u b j e c t  B f e l t  w e l l  th ro u g h o u t  a l t h o u g h  

h i s  E .S .R .  showed a r i s e  corresx>onding w i th  t h a t  o f  

A, w i th  whom he s h a r e s  a l a b o r a t o r y  f o r  some h o u r s  a 

day i s  o f  i n t e r e s t .  I t  seems r e a s o n a b l e  t o  assume 

t h a t  a s u b - c l i n i c a l  i n f e c t i o n  was r e s p o n s i b l e  f o r  th e  

r i s e .

C u t l e r  (1929) s u g g e s t s  t h a t  t h e  sm a l l  

v a r i a t i o n s  i n  normal  s u b j e c t s  a r e  due to  i n c r e a s e  o r  

d e c r e a s e  o f  a c t i v i t y ,  as t h e r e  i s  more t i s s u e  b r e a k 

down in  th e  a c t i v e  s u b j e c t .
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My s e r i e s  o f  r e s u l t s  i s  f a r  to o  sm a l l  to  

w a r r a n t  any c o n c l u s i o n s ,  b u t  one c a n n o t  o b t a i n  2 c c ’ s 

o f  "blood d a i l y  a t  t h e  same h o u r  from t h e  same s u b j e c t  

i n d e f i n i t e l y .  However, t a k e n  i n  c o n j u n c t i o n  w i th  

Greene*s s e r i e s ,  one i s  f o r c e d  to  c o n c lu d e  t h a t  m inor  

v a r i a t i o n s  in  th e  E .S .R .  may have no c l i n i c a l  

s i g n i f i c a n c e  in  r e l a t i o n  t o  Pulmonary T u b e r c u l o s i s .

Q H A R T

D a i l y  0&s£rt.'/ftT(OA/<S

1

DA/*-y t 5uBJ£*rr  d .



THE LINZENMEIR METHOD.

L in z e n m e ir  (1920)  u s e s  a round  b o t to m e d  

tu b e  w i th  a b o r e  o f  5 mm. marked a t  a volume o f  

1 cc .  T h i s  g i v e s  a h e i g h t  o f  column o f  a p p ro x 

i m a t e l y  50 mm. The tube  i s  marked 6 ,  12 and 18mm. 

b e lo w  t h e  1 cc .  mark. The a n t i c o a g u l e n t  i s  20% 

o f  a 5% s o l u t i o n  o f  sodium c i t r a t e .

The r e s u l t  m easured  i s  th e  t im e  th e  u p p e r  

c o r p u s c u l a r  l a y e r  t a k e s  to  f a l l  to  t h e  18 mm. mark.

A l though  t h i s  method i s  f a i r l y  w id e ly  u sed  

i n  America i t  h a s  th e  g r e a t  p r a c t i c a l  d i s a d v a n t a g e  

t h a t  i n s t e a d  o f  an a la rm  c lo c k  g i v i n g  w arn in g  a t  

f i x e d  t im e s  f o r  r e a d i n g s  th e  o b s e r v e r  must watch the 

t e s t  c o n t i n u o u s l y  in  t h e  e a r l y  s t a g e s  w i t h  r a p i d l y  

s e d i m e n t i n g  b l o o d s ,  and as t h e  low l i m i t  o f  n o r m a l i t y  

i s  5 h o u r s  th e  t e s t  may n o t  be  com ple ted  u n t i l  t h i s  

time has  pa ssed .

F u r t h e r  d i s a d v a n t a g e s  a r e  the  s h o r t n e s s  o f  

t h e  column, and t h e  a n t i c o a g u l e n t  which i s  n o t  i s o t o n i c  

w i t h  b lo o d .



MICRO METHOD (LYLE CUMMINS & ACLAND)

The tu b e  h a s  a b o r e  o f  a b o u t  1. 5 mm. and 

a l e n g t h  o f  k i  i n c h e s .  One end i s  drawn o u t  i n t o  

a c a p i l l a r y  s tem. At th e  o t h e r  end i t  i s  marked a t  

a volume o f  0 .0 2  cc .  and 0 .0 8  cc .  Using  a r u b b e r  

t e a t  and a d a p t o r  f i t t e d  to  th e  c a p i l l a r y  end ,  0 .0 2 c c .  

c i t r a t e  s o l u t i o n  (3*8%) and 0 .0 8  cc.  b loo d  from a 

f i n g e r  p r i c k  a re  m easu red  and mixed i n  a watch g l a s s .

0 .0 8  cc. o f  the  m ix tu r e  i s  drawn up i n t o  a s i m i l a r  

p i p e t t e  and  th e n  drawn up beyond th e  mark. The 

c a p i l l a r y  end i s  th en  s e a l e d  i n  a f lame and the  tu b e  

s e t  up in  a r a c k .  The f a l l  o f  the  u p p e r  c o r p u s c u l a r  

l a y e r  i s  measured in  m i l l i m e t r e s  a t  5 h o u r s  and 2k  h o u r s ,  

and e x p r e s s e d  a s  a p e r c e n t a g e  o f  t h e  column.

T h is  method m igh t  be o f  use  in  c h i l d r e n  and 

i n  a d u l t s  i n  whome no v e i n s  can  be found ,  f o r  i t  u s e s  

l e s s  b l o o d  th an  any o t h e r  s u g g e s t e d  method. But i t  

does n o t  ap p ro ach  th e  s t a n d a r d  o f  a c c u ra c y  d e s i r a b l e  

i n  a r o u t i n e  method f o r  t h e  f o l l o w in g  r e a s o n s .

1. V a r i a t i o n s  i n  tube  b o re  may c au se  c o n s i d e r 

a b l e  change i n  E .S .R .  i n  tu b e s  abou t  1 . 5  mm. b o r e .

2. The h e i g h t  o f  the  column i s  l e s s  than  50 

m i l l i m e t r e s ,  so many b lo o d s  would n o t  r e a c h  t h e i r  

maximum v e l o c i t y  o f  s e d i m e n t a t i o n  b e f o r e  p a c k in g  caused  

d e c e l e r a t i o n .

3.  The t e c h n iq u e  o f  s e t t i n g  up i s  n o t  e a sy .



WALTON13 METHOD

Walton (1933)  u se d  U* 5 c c .  o f  b lo o d  and

0 . 5  cc .  o f  3*8% c i t r a t e  s o l u t i o n .  The specim en on 

which th e  t e s t  i s  c a r r i e d  o u t  i s  c o r r e c t e d  b y  B lack lock*  

method t o  a c e l l  c o u n t  o f  5 m i l l i o n  p e r  c.mm. The 

tu b e  b o r e  i s  6 mm. and th e  h e i g h t  o f  column 32. 5 mm.

The f a l l  o f  th e  u p p e r  c o r p u s c u l a r  l a y e r  i s  measured  

a t  1 h o u r .

I n s t e a d  o f  c o r r e c t i n g  th e  c e l l  coun t  o f  the  

spec im en,  a s im p le  and i n g e n i o u s  g r a p h i c a l  method o f  

c o r r e c t i o n  may be u sed  i f  the  b lo o d  c o un t  i s  o v e r  3 

m i l l i o n .

The h e i g h t  o f  column i s  so s h o r t  t h a t  o n ly  

slow s e d im e n t in g  b lo o d s  have a chance  o f  r e a c h i n g  t h e i r  

maximum v e l o c i t y  o f  s e d i m e n t a t i o n ,  and i t  i s  p r o b a b l e  

t h a t  t h e y  w i l l  n o t  have r e a c h e d  i t  by  t h e  end o f  1 

ho u r .  The maximum p o s s i b l e  f a l l i s  r o u g h ly  17 m i l l i m e t r e  

so t h e  range  o f  r e s u l t s  i s  v e r y  l i m i t e d .  F i n a l l y ,  

t e s t  t u b e s  o f  t h i s  b o re  a r e  much more d i f f i c u l t  to  

c l e a n  t h a n  p i p e t t e s ,  and a b s o l u t e  c l e a n l i n e s s  i s  

n e c e s s a r y  to  o b t a i n  a c c u r a t e  r e s u l t s .
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WINTROBE * 3 METHOD.

W in t r o b e ’ s method aims a t  o b t a i n i n g  t h e  

maximum amount o f  i n f o r m a t i o n  from a s i n g l e  spec im en  

o f  b l o o d .  O x a la t e d  b l o o d  i s  used .  The tube  i s  11 cm. 

l o n g ,  p a r a l l e l  s i d e d  and f l a t  b o t to m e d ,  b o r e  a ^ o u t

2 .5  mm* I t  i s  g r a d u a t e d  i n  m i l l i m e t r e s  t o  10 cm. 

from th e  b o t to m ,  and i s  f i l l e d  by means o f  a lo n g  

f i n e  i;>ipette  to  the  10 cm. mark. A f t e r  the. E .S .R .  ha s  

been  o b t a i n e d  by  w h a te v e r  method th e  o b s e r v e r  f a v o u r s ,  

t h e  tu b e  i s  c e n t r i f u g e d  a t  3 ,0 0 0  r .  p.m. f o r  30 m in u te s .

The packed  c e l l  volume, ( P .C .V . )  t h u s  o b t a i n e d  can

be  used  f o r  c o r r e c t i n g  th e  E .S .R .  to  a norm al  P.C.V. 

by  t h e  method o f  Rourke and E r n s t e n e  (1930) .

O th e r  o b s e r v a t i o n s  s u g g e s t e d  b y  Wintrobe a r e : -

1. I n f o r m a t io n  r e g a r d i n g  anaemia o r  po lycy th r -  

aemia i s  o b t a i n e d  from th e  P.C .V.

2. I n f o r m a t io n  r e g a r d i n g  L e u c o cy te s  and 

P l a t e l e t s  may be o b t a i n e d  from th e  i n t e r m e d i a t e  l a y e r  

be tw een  t h e  R.B.C. and th e  p lasma.

3. The I c t e r u s  Index  may b e  d e te r m in e d  on

t h e  s u p e r n a t a n t  p lasm a.  *

The t e s t  may t h e r e f o r e  b e  o f  v a l u e  to  th e  

c l i n i c a l  p a t h o l o g i s t ,  though i t  would se rv e  o n ly  as  

an i n d i c a t i o n  f o r  f u r t h e r  i n v e s t i g a t i o n s .  F o r  s im p le

e s t i m a t i o n  o f  th e  E .S .R .  i t  p o s s e s s e s  some d i s a d v a n t a g e s .



1. The 100 ram. column does n o t  p e r m i t  

r a p i d l y  s e d im ^ n t in g  b l o o d s  to  a c h ie v e  t h e i r  maximum 

v e l o c i t y  o f  s e d i m e n t a t i o n .

2. O x a la t e d  b l o o d  does  n o t  a lw ay s  b ehave  as  

i t  s h o u ld  i n  a tube  w i th  2 .5  nun. b o r e  ( S c h u s t e r  1938) .

3. The t u b e s  a re  d i f f i c u l t  to  wash, and 

a b s o l u t e  c l e a n l i n e s s  o f  g l a s s w a r e  i s  e s s e n t i a l  f o r  

r e l i a b l e  r e s u l t s .

ij.. C o r r e c t i o n  s c a l e s  f o r  anaemia  a r e  n o t  

c o n s i d e r e d  r e l i a b l e  ( S c h u s t e r  1938).
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THE WIDE BORE TUBE METHOD u sed  a t  f o u r  Rheumatic  C l i n i c s  
( C o l i n s ,  G ihson ,  Race & S a l t ,  1939).

F o r  t h i s  method a 5 cc* c o n i c a l  tu b e  

( c e n t r i f u g e  t y p e )  i s  u s e d ,  g r a d u a t e d  i n  100 p a r t s  

b y  volume. The h e i g h t  o f  th e  column o f  b lo o d  i s  

a p p r o x i m a t e ly  72 mins. and th e  d i a m e t e r  o f  t h e  u p p e r  

( p a r a l l e l )  p a r t  i s  12 mms. O x a la t e d  b lo o d  i s  u s e d ,  

and t h e  volume o f  c e l l s  a t  t h e  end o f  1 h o u r  i s  

r e p o r t e d ,  a s  s u s p e n s io n  s t a b i l i t y  ( S . S . ) a f t e r  

F a h r e u s ,  r a t h e r  t h a n  s e d i m e n t a t i o n  r a t e .  The packed  

c e l l  volume i s  e s t i m a t e d  in  a h a e m o c r i t  t u b e ,  and 

t h e  o b se rv e d  S .S .  c o r r e c t e d  t o  a s t a n d a r d  c e l l  volume, 

o f  k2% b y  th e  a p p l i c a t i o n  o f  a f a c t o r .

( a )  I f  t h e  P.C .V. i s  l e s s  t h a n  1+2f  add 1 . 5  (b2  -  P . C . V . )

(b )  I f  t h e  P .C .V .  i s  more t h a n  1+2% s u b t r a c t  1 ( P . C . V . -  1*2)

T h is  method has  t h e  b a c k i n g  o f  f o u r  im p o r t a n t  

c l i n i c s ,  and t h e r e f o r e  d e s e r v e s  a t t e n t i o n .

The r e a s o n s  g iv en  f o r  th e  c h o ic e  o f  method a r e : -

1. The a u t h o r s  p r e f e r  o x a l a t e  t o  c i t r a t e  a s  

an a n t i c o a g u l e n t ,  and t h i s  c a l l s  f o r  th e  u se  o f  a 

wide b o r e  t u b e .

2. They c o n s i d e r  c o r r e c t i o n  f o r  c e l l  volume 

e s s e n t i a l .

3. They a r e  s a t i s f i e d  w i t h  a c l i n i c a l  

a p p l i c a t i o n  o f  t h e  t e s t .
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There  a r e ,  however ,  c o n s i d e r a b l e  t h e o r e t i c a l  

and p r a c t i c a l  o b j e c t i o n s  t o  the  method.

1 .Volume i s  r e p o r t e d  i n s t e a d  o f  d i s t a n c e ,  though  t h e  

v e l o c i t y  o f  s e d i m e n t a t i o n  o f  the  e r y t h r o c y t e s  h a s  

no c o n n e c t i o n  w i t h  t h e  volume o f  th e  sample.  T h is  

would n o t  m a t t e r  i f  th e  tube  was a c y l i n d e r  b e c a u se  

t h e n  volume and d i s t a n c e  would be  d i r e c t l y  p r o p o r t i o n a l  

to  one a n o t h e r .

2 . The h e i g h t  o f  t h e  column i s  too  s h o r t  f o r  any b u t  

f a i r l y  slow s e d i m e n t i n g  b lo o d s  to  r e a c h  t h e i r  

maximum v e l o c i t y  o f  s e d i m e n t a t i o n  ( s e e  u n d e r  " H e ig h t  

o f  Column").

3 - With th e  s h o r t  column and t a p e r e d  tu b e  employed, 

p a c k i n g  becomes an i m p o r t a n t  f a c t o r  and t h e  e f f e c t s  

o f  a l t e r e d  c e l l  volume a r e  t h e r e f o r e  e x a g g e r a t e d ;  

and t h e  c o r r e c t i o n  f o r  c e l l  volume i s  t h e r e f o r e  

e s s e n t i a l .

U.The volume o f  b io > d  r e q u i r e d  i s  more t h a n  can be

o b t a i n e d  w i th  any c e r t a i n t y  from i l l  female  p a t i e n t s ,  

and when o x a l a t e  i s  u sed  as  a n t i c o a g u l e n t  t h e  b lo o d  

must  be  drawn r a p i d l y ,  o r  c l o t t i n g  commences i n  t h e  

s y r i n g e .

5 . The t im e  s p e n t  on each t e s t  i s  a t  l e a s t  10 m in u te s ,  

which compares u n f a v o u r a b l y  w i th  the  3 m inu te s  o r  

l e s s  s p e n t  on each b l o o d  when u s i n g  t h e  W es te rg ren  

t e c h n i q u e  w i t h o u t  c o r r e c t i o n  f o r  anaemia.
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THE CUTLER 1 cc METHOD.

C u t l e r  has  d e s c r i b e d  a 5 cc .  m ethod ,  a

1 cc .  method and a f i n g e r  p r i c k  method, b u t  he 

p r e f e r s  h i s  1 cc .  method ( C u t l e r  1929).

C i t r a t e d  b lo o d  (10% o f  a 3% s o l u t i o n  

o f  sodium c i t r a t e )  i s  u se d  in  a tu b e  w i th  5 nim. 

b o r e .  The column h e i g h t  i s  50 mm. The f a l l  o f  

t h e  u p p e r  c o r p u s c u l a r  l a y e r  i s  p l o t t e d  on a g ra p h  

a t  5 m inu te  i n t e r v a l s  f o r  1 hour .

From t h i s  g raph  i s  d e t e r m i n e d : -

1. The typ e  o f  c u rv e .  Four  t y p e s  o f  c u rv e  

a r e  d e s c r i b e d .

2. The f a l l  i n  1 h o u r .  T h is  i s  i m p o r t a n t  f o r  

t h e  two s lo w e r  s e d i m e n t a t i o n  t y p e s  o f  cu rv e .

3* The t im e  a t  which p a c k in g  s lows s e d i m e n t a t i o n  

t o  l e s s  t h a n  1 mm/5 m in u te s .  T h is  i s  im p o r t a n t  f o r  

t h e  two r a p i d l y  s e d im e n t in g  ty p e s  o f  c u rv e .

T h is  i s  an i n g e n i o u s  a t t e m p t  t o  overcome 

t h e  i n h e r e n t  d i s a d v a n t a g e s  o f  a s h o r t  t ime and s h o r t  

column t e c h n i q u e .  But i f  a m u l t i p l e  r e a d i n g  method 

i s  t o  be  u se d  t h e r e  a r e  sound t h e o r e t i c a l  r e a s o n s  

f o r  d e t e r m i n i n g  th e  maximum v e l o c i t y  o f  s e d i m e n t a t i o n .  

T h is  c a l l s  f o r  a l o n g e r  column o f  b l o o d ,  b u t  i f  t h e  

tu b e  b o r e  i s  d e c r e a s e d  th e  q u a n t i t y  o f  b lo o d  r e q u i r e d  

w i l l  remain  sm a l l .

As i n  a l l  n a rrow  b o r e  t u b e ,  as  opnosed to



p i p e t t e  m ethods ,  i t  i s  d i f f i c u l t  to  c l e a n  t h e  t u b e s .

No r e a s o n  i s  g iv e n  f o r  n o t  u s i n g  a n  

i s o t o n i c  s o l u t i o n  o f  a n t i c o a g u l e n t .



THE SEDIMENTIN INDEX.

Day (19U0) c la im e d  t h a t  the  f i g u r e s  u sed  

i n  h i s  method o f  e x p r e s s i n g  th e  E .S .R .  have an 

a b s o l u t e  v a l u e ,  i . e .  1 u n i t  a lw ays  r e p r e s e n t s  the 

same q u a n t i t y  o f  s e d i m e n t a t i o n  p r o d u c in g  s u b s t a n c e s  

i n  the  b l o o d .  T h is  i s  t h e  f i r s t  t ime such  a c l a im  

h a s  b e e n  made, and i f  i t  c o u ld  be  s u b s t a n t i a t e d  

i t  seems t h a t  t h e  S ed im en t in  Index  would be  t h e  

method o f  c h o ic e .

The S ed im e n t in  Index  ( S . I . )  i s  th e  l o g  

o f  t h e  maximum v e l o c i t y  o f  s e d i m e n t a t i o n  ( e x p r e s s e d  

i n  m i l l i m e t r e s  p e r  100 m in u te s )  d e te rm in e d  i n  a 

W e s te rg re n  200 m i l l i m e t r e  tu b e .  I t  i s  b a s e d  on a 

s e r i e s  o f  e x p e r im e n t s  which have been  examined and 

r e p e a t e d  b y  me where n e c e s s a r y .

Day’ s Exper im ent  VI d e m o n s t r a t e s  t h a t  i n  

t h e  absence  o f  p la sm a ,  e r y t h r o c y t e s  suspended  i n  

c i t r a t e  s o l u t i o n  do n o t  a g g l u t i n a t e ,  and the  

s l i g h t l y  d i f f e r e n t  r a t e s  o f  s e d i m e n t a t i o n  o f  d i f f e r e n t  

p e r c e n t a g e  s u s p e n s io n  a r e  p resu m ab ly  th e  r e s u l t  o f  th e  

d i f f e r e n t  v i s c o s i t i e s  o f  the  d i f f e r e n t  s u s p e n s io n s .

In  Experiment  VII  ne c l a im s  to  d e m o n s t r a te  

t h a t  e q u a l  volumes o f  plasma added t o  - v a r io u s  

p e r c e n t a g e  s u s p e n s io n s  o f  e r y t h r o c y t e s  i n  c i t r a t e  

s o l u t i o n  c au se d  i d e n t i c a l  maximum v e l o c i t y  o f



s e d i m e n t a t i o n  in  a l l  s u s p e n s io n s .  I f  t h i s  r e s u l t  

co u ld  b e  con f i rm ed  one co u ld  conc lude  t h a t : -

1. C i t r a t e  s o l u t i o n  has  no e f f e c t  on th e  

s e d i m e n t a t i o n  r a t e .

2. The v i s c o s i t y  o f  th e  specim en has  no 

e f f e c t  on t h e  s e d i m e n t a t i o n  r a t e .

3* The p lasma a lo n e  d e te r m in e s  t h e  s e d i 

m e n t a t i o n  r a t e .

Day a c c e p t s  t h e s e  f i n d i n g s  in  h i s  l a t e r  

e x p e r i m e n t s ,  though  r e c e n t  work by  W h i t t i n g t o n  & 

M i l l e r  (19U2) c o n f i rm s  t h a t  th e  second  i s  a f a l a c y .

T h is  ex p e r im e n t  was r e p e a t e d  b y  me u s i n g  

b l o o d s  o f  v a r y i n g  s e d i m e n t a t i o n  r a t e s .

EXPERIMENT 8 .

O b j e c t :  To d e te rm in e  th e  e f f e c t  o f  a c o n s t a n t  

p r o p o r t i o n  o f  plasma on the  sed im en ta t  io n  r a t e  o f  

a r e c o n s t i t u t e d  b lo o d  w i t h  v a r y i n g  p r o p o r t i o n s  o f  

c e l l s  and c i t r a t e  s o l u t i o n .

METHOD.B lo o d  9 cc. d i l u t e d  w i th  3-8% c i t r a t e  s o l u t i o n  

1 cc. was c e n t r i f u g e d  and th e  plasma, removed. The 

c e l l s  were washed, and the  washed c e l l s  suspended  i n  

c i t r a t e  s o l u t i o n  (80% c e l l s  20% s o l . ) From t h i s  

s u s p e n s io n  f i v e  specimens were p r e p a r e d ,  a s  shown i n  

Table  by  m ix ing  v a r y i n g  q u a n t i t i e s  o f  c e l l  

s u s p e n s io n s  and c i t r a t e  s o l u t i o n  w i t h  a un i fo rm  

q u a n t i t y  o f  c i t r a t e d  p lasma.  Only 10% o f  a n t i 

c o a g u l e n t  was used  so t h a t  th e  c o n c e n t r a t i o n  o f
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a n t i c o a g u l e n t  i n  th e  s e p a r a t e d  plasma would h e  

a p p r o x i m a t e ly  20a.

TABLE 6.

C e l l Susp en s io n C i t r a t e d Plasma C i t r a t e T o t a l
C e l l s C i t r a t e Plasma C i t r a t e

1 . 0 . 56 0 . 11+ 0 . 6h 0 .16 1. 5 cc .
2. 0 .k& 0. 12 0. 6l-|. 0 .16 0. 10 1. 5 cc .

0. LiO 0 .1 0 0. 6k 0. 16 0. 20 1. 5 cc .
k. 0 .3 2 0 .08 o . 6h 0 .1 6 0 .30 1 .5  cc.
5. 0. 2k 0 . 0 6 o . 6k 0 .1 6 OJ4O 1. 5 cc .

fJ-he f i v e  d i l u t i o n s  were s e t  up> i n  W estergren  

200 mm. tu h e s  i n  the  c o n s t a n t  t e m p e r a t u r e  c a b i n e t  and 

th e  s e d i m e n t a t i o n  o b se rv ed  a t  3-0 m in u te  i n t e r v a l s  

f o r  3 h o u r s .

The e x p e r im en t  was r e p e a t e d  u s i n g  b l o o d s  o f  

d i f f e r e n t  s e d i m e n ta t io n  r a t e .  The r e s u l t s  are- 

t a b u l a t e d  below.

TABLE 7

Blood A

Blood B

Blood G

D i l u t i o n 2nd Hour M.V. Log M.V.
1. 20 21. 5 1.33
2. 19 22 1. 3k
3. 25. 5 28. 5 1.1+5
k. 28 3 1 .3 1.1+9
5. 33 35 1. 3k

1. ko k2 1. 62
2 . ko kk 1 . 6k
3. k2 k l 1 .61
k. 51. 5 51 1 .70
5. k3 k2 1 . 62 .

1. 83 100 2.00
2 . 88 103 2.01
3. 105 117 2 .07
u. 12k IkO 2 .15
5. 137 156 2 .19
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T ab le  7 ( C o n t ’ d)

Blood D.

Blood E.

D i l u t i o n 2nd Hour M.V. >! * |h4Oi11
1 . c l o t t e d
2. 90 109 2. Oil.
3- 95 112 2 .0 5
k- 101 130 2. 11
5. 112 135 2 .1 3

1 . 5k- 5 56. 5 1 .7 5
2. 60 58-3 1 .77
3. 66 63 1 .80
k. 71 66. 3 1 .82
3. 7 9 -5 7k 1 .87

CONCLUSIONS

Day’ s r e s u l t s  a re  n o t  c o n f i rm ed .  The t r e n d  

o f  a l l  samples  e x c e p t  Blood B was to sed im e n t  more 

r a p i d l y  a s  t h e  c e l l  p e r c e n t a g e  d i m in i s h e d  and c i t r a t e  

p e r c e n t a g e  i n c r e a s e d .  Though o t h e r  f a c t o r s  p r o b a b l y  

come i n t o  p l a y ,  some working i n  the  o p p o s i t e  d i r e c t i o n ,  

t h e  o b v io u s  key f a c t o r  i s  v i s c o s i t y .  I f  the  b a s i c  

p r i n c i p l e s  o f  S t o k e ’ s Law have a n y th in g  t o  do w i th  th e  

e r y t h r o c y t e  s e d i m e n t a t i o n  r a t e ,  i t  i s  o b v io u s  t h a t  

t h e  E .S .R .  must be  i n c r e a s e d  when th e  v i s c o s i t y  o f  

t h e  f l u i d  i n  which th e  e r y t h r o c y t e  clumps a r e  f a l l i n g  

i s  r e d u c e d ,  as i t  i s  i n  t h i s  e x p e r im e n t ,  b y  th e  

a d d i t i o n  o f  i n c r e a s i n g  q u a n t i t i e s  o f  c i t r a t e  s o l u t i o n .

A p o s s i b l e  e x p l a n a t i o n  o f  Day’ s anomalous 

r e s u l t  i s  t h a t  he was u s i n g  e x c e e d in g ly  week c e l l  

s u s p e n s io n s  v a r y i n g  from J>0% c e l l  volume down to 

6,6%  In  th e  weaker  d i l u t i o n s  the  e r y t h r o c y t e s  a re  

o b v i o u s l y  f a r  a p a r t .  The same t o t a l  amount o f  

a g g l u t i n a t i n g  s u b s t a n c e s  may f a i l  i n  t h e s e  c i r c u m s t a n c e s
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to  form e r y t h r o c y t e  clumps o f  t h e  exioected s i z e .

A b a l a n c e  b e tw een  t h e  a c c e l e r a t i n g  f a c t o r  o f  lower  

v i s c o s i t y  and th e  r e t a r d i n g  f a c t o r  o f  s m a l l e r  clumps 

m ig h t  be  reached .

I  am u n a b le  to  s u g g e s t  an e x p l a n a t i o n  f o r  

t h e  b e h a v i o u r  o f  my Blood B.

I f  t h e  above r e s u l t s  a r e  a c c e p t e d ,  the  

c o n c l u s i o n s  drawn from Day’ s P l e u r a l  F l u i d  e x p e r im e n t s  

(iXa & lXb) must be  e r r o n e o u s .  In  t h e s e  e x p e r im e n t s  

v a r y i n g  p r o p o r t i o n s  o f  p l e u r a l  f l u i d  (which i s  o f t e n  

r i c h  i n  s e d i m e n t a t i o n  p ro d u c in g  s u b s t a n c e s )  and 

c i t r a t e  s o l u t i o n  were added to  c o n s t a n t  volumes 

o f  c i t r a t e d  b lo o d .  The s e d i m e n t a t i o n  was o b s e r v e d '  

i n  W e s te rg re n  200 mm. t u b e s  and t h e  l o g  M.V. o f  

th e  s i x  d i l u t i o n s  p l o t t e d  a g a i n s t  t h e  h y p o t h e t i c a l  

’’u n i t s  o f  s e d i m e n t i n ” i n  th e  v a r i o u s  sam ples .  The 

p o i n t s  f e l l  a p p ro x im a te ly  on a s t r a i g h t  l i n e .  Assuming 

t h a t  t h e  v a r y i n g  c i t r a t e  c o n t e n t  o f  th e  spec im ens  had 

no e f f e c t  on t h e i r  s e d i m e n t a t i o n  r a t e  i t  t h e r e f o r e  

a p p e a re d  t h a t  e v e ry  a d d i t i o n a l  10^ o f  p l e u r a l  f l u i d  

c a u s e d  an i d e n t i c a l  i n c r e a s e  i n  the  Log M.V. The 

two e x p e r im e n t s  (IXa & IXb) were m a t h e m a t i c a l l y  

c o r r e l a t e d  t o  p ro v e  t h a t  1 u n i t  o f  Log M.V. a lways 

r e p r e s e n t e d  the  same q u a n t i t y  o f  s e d i m e n t a t i o n  

p r o d u c in g  s u b s t a n c e s .

But i f  we t a k e  i n t o  acco u n t  th e  f a c t  t h a t  

t h e  p o s i t i o n  o f  the  p o i n t s  on the  g raph  was a f f e c t e d  

t o  an unkonwn e x t e n t  by  the  v a r y i n g  q u a n t i t i e s  o f



c i t r a t e  s o l u t i o n  i n  the  d i f f e r e n t  d i l u t i o n s ,  i t  i s  

o bv io u s  t h a t  no d e f i n i t e  c o n c l u s i o n s  can  be drawn from 

t h e s e  e x p e r im e n t s .

I n  th e  a b sence  o f  a c o m p l e t e ly  i n e r t  

d i l u t i n g  a g e n t  a p a i r  o f  complementary  e x p e r im e n t s  

was d e v i s e d  i n  which a tw in  s e r i e s  o f  r e c o n s t i t u t e d  

b l o o d s  o f  v a r y i n g  c e l l  v o lu n e  were s e t  up, one s e r i e s  

w i th  the  plasma ( o f  the  same b lo o d  group  as  the c e l l  

donor )  o f  a s u b j e c t  w i t h  v e r y  slow E .S .R .  th e  o t h e r  

w i t h  a c o n s t a n t  q u a n t i t y  o f  th e  c e l l  d o n o r ’ s r a p i d  

plasma and t h e  b a la n c e  made up o f  th e  slow plasma.  

EXPERIMENT 9a

To d e te rm in e  the  E .S .R .  i n  a s e r i e s  o f  
. r e c o n s t i t u t e d  b l o o d s  o f  v a r y i n g  c e l l  volume, each

c o n t a i n i n g  th e  same q u a n t i t y  o f  p lasma from a donor

w i t h  r a p i d  E .S .R .  and w i th  th e  b a l a n c e  o f  th e  specimen

made up by  v a r y i n g  th e  q u a n t i t i e s  o f  p lasm a from a

donor  w i t h  v e r y  slow E.S .R .  The p r o p o r t i o n  o f  c i t r a t e

sh o u ld  be  e q u a l  i n  a l l  spec im ens .

METHOD.

Blood 9 cc .  d i l u t e d  w i th  3*8^ c i t r a t e  

s o l u t i o n  1 cc. was c e n t r i f u g e d  and th e  plasma removed. 

The c e l l s  were washed,  and th e  washed c e l l s  suspended  

i n  c i t r a t e  s o l u t i o n  (60% c e l l s  2 0 f  c i t r a t e )  Prom t h i s  

s u s p e n s io n  5 specimens were p r e p a r e d ,  a s  shown i n  

Table  8 ,  b y  m ix ing  v a r y i n g  q u a n t i t i e s  o f  th e  c e l l  

s u s p e n s io n  w i th  a u n i fo rm  volume o f  th e  c e l l  d o n o r ' s  

p lasm a .  The volume o f  th e  5 specimens was e q u a l i s e d
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1sy t h e  a d d i t i o n  o f  v a r y i n g  q u a n t i t i e s  o f  p lasma 

from a s u b j e c t  o f  t h e  same "blood group w i th  a 

v e r y  s low E .S .R .

TABLE 8

C e l l Susp en s io n Slow Plasma Donor’ s Plasma

C e l l s C i t r a t e Plasma C i t r a t e Plasma C i  t  ra t e

1 . 0. 56 0 . Ik _ 0.61+ 0 .1 6
2. 0 .4 8 0 .1 2 0 .08 0. 02 0. 61+ 0 .1 6
3. 0 . 4 0 0 .10 0 .1 6 0.01+ 0. 61+ 0 .16
4. 0 .3 2 0 .08 0 . 2 4 0 .06 0. 61+ 0 .1 6
5. 0. 24 0 .06 0 .3 2 0 .0 8 0. 61+ 0 .1 6

The f i v e  d i l u t i o n s  were s e t  up in  W es te rg ren  

200 mm. tu b e s  i n  t h e  c o n s t a n t  t e m p e r a t u r e  chamber and th e  

s e d i m e n t a t i o n  o b s e r v e d  a t  10 m inu te  i n t e r v a l s  f o r  3 h ours .

RESULT: TABLE 9 .

D i l u t i o n 2nd Hour M.V. S. I .

1. 3 4 .5 3 5 .5 1 .5 5
2. 58 60 1.78
3. 7 6 . 5 83 1 .92
4. 102 96 1.98
5. 1 2 6 .5 120 2.08

EXPERIMENT 9b

F o r ' c o m p a r i s o n  w i th  e xp er im en t  9a to  

d e te rm in e  t h e  E .S .R .  o f  th e  same d o n o r ’ s c e l l s  i n  

s low plasm a o n ly ,  the  c i t r a t e  volume c o n s t a n t  a s  

i n  E xper im en t  9a.

METHOD

Blood 9 c c . d i l u t e d  w i th  3*8^ c i t r a t e  s o l u t i o n  

1 cc .  was c e n t r i f u g e d  and the plasma removed. The 

c e l l s  were washed, and th e  washed c e l l s  suspended
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i n  c i t r a t e  s o l u t i o n  (80% c e l l s  20% c i t r a t e ) .  Prom 

t h i s  s u s p e n s i o n  5 spec im ens  were r j r e p a re d ,  a s  shown 

i n  T ab le  10 by  m ix ing  v a r y i n g  q u a n t i t i e s  o f  c e l l  

s u s p e n s i o n  w i th  th e  s low s e d im e n t in g  c i t r a t e d  p lasma 

u se d  i n  th e  l a s t  e x p e r im e n t .

TABLE 10

C e l l S u sp en s io n Slow Plasma
C e l l s C i t r a t e Plasma C i t r a t e

1 . o. 56 0 .1 4 0 . 6 4 0 .1 6
2. 0 .4 8 0 .1 2 0 .7 2 0 .1 8
3. 0 .4 0 0 .1 0 0 .8 0 0. 20
4. 0 .3 2 0 .0 8 0 .88 0. 22
5. 0 . 2 4 0 .06 O. 96 0. 24

The f i v e  d i l u t i o n s  were s e t  up in  W es te rg re n  

200 mm. tu b e s  in  th e  c o n s t a n t  t e m p e r a t u r e  chamber and 

th e  s e d i m e n t a t i o n  o b se rv e d  a t  10 m inu te  i n t e r v a l s  

f o r  3 h o u r s .

RESULT: TA3LE 11.

D i l u t i o n 2nd Hour < M. V. S . I .
1. 1 3 .5 16 1. 20
2. 2 3 .5 23 1 .40
3. 46. 3 45 1 .6 5
4. 7 1 .5 68 1 .83

. 5. 101 111 2 .0 5

The Sed im en t in  I n d i c e s  i n  t h e s e  two 

e x p e r im e n t s  shou ld  run  p a r a l l e l ,  as  t h e  d i f f e r e n c e  

be tw een  each  tu b e  i n  Exper im en t  9a and i t s  o p p o s i t e  

number E xp er im en t  9b i s  the  same q u a n t i t y  o f  r a p i d  

p lasma.  C h a r t  7 shows t h a t  t h e  s e d im e n t in  i n d i c e s  

do n o t  ru n  p a r a l l e l .
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T here  a p p e a re d  to  "be too  much chance  o f  

e x p e r i m e n t a l  e r r o r  i n  t h e  above e x p e r i m e n t s ,  so 

a s i m p l i f i e d  v e r s i o n  was evolved .  In  t h i s  th e  

c e l l s  o f  th e  slow E .S .R .  donor  were u se d  w i th  

h i s  own p lasm a and w i t h  h i s  own p lasm a p l u s  r a p i d  

E .S .R .  p la sm a ,  o r  p l e u r a l  f l u i d ,  o f  t h e  same b lo o d  

g roup .  I n  p a s s i n g  i t  s h o u ld  b e  n o ted  t h a t ,  c o n t r a r y  

t o  Day’ s a s s e r t i o n ,  th e  b lo o d  group i s  a s  i m p o r t a n t  

when p l e u r a l  f l u i d  i s  used  a s  when p lasma i s  u sed .

The p l e u r a l  c a v i t y  can  b e  a w onderfu l  r e s e r v o i r  o f  

t y p i n g  serum which ,  i n  a c asd  i n v e s t i g a t e d  b y  C u t b i l l  

and m y s e l f ,  was o f  h i g h  t i t r e .

EXPERIMENT 10.

O b j e c t :  To d e te rm in e  th e  i n c r e a s e  in  E .S .R .  i n  a 

s e r i e s  o f  r e c o n s t i t u t e d  b l o o d s  r e s u l t i n g  from t h e  

r e p l a c e m e n t  o f  p lasm a c a u s i n g  slow E .S .R .  by  an 

e q u a l  q u a n t i t y  o f  p lasma o r  p l e u r a l  f l u i d  c a u s in g  

r a p i d  E .S .R .

METHOD.

13 .5  cc .  s low s e d im e n t in g  b lo o d  d i l u t e d  w i t h  

1*5 cc .  o f  3.8%  c i t r a t e  s o l u t i o n  was c e n t r i f u g e d  and 

t h e  p lasma removed. The c e l l s  were suspended  in  

c i t r a t e  s o l u t i o n  to  form an 80%o s u s p e n s io n .  3 cc. 

c i t r a t e d  p l e u r a l  f l u i d  ( k  f l u i d  to  1 c i t r a t e )  o f  t h e  

same b l o o d  group was o b t a i n e d ,  o r  a l t e r n a t i v e l y  

c i t r a t e d  p lasma from a s u b j e c t  w i th  r a p i d  E .S .R .  The 

c i t r a t e  c o n c e n t r a t i o n  i n  the  c o n s t i t u e n t s  o f  t h e  

r e c o n s t i t u t e d  b l o o d s  was t h e r e f o r e  a p p r o x i m a t e ly e q u a l .



Ten d i l u t i o n s  were p r e p a r e d  as  s e t  o u t  

i n  T ab le  12.

TABLE 12.

S e r i e s  A. 1 2 3 k
o . k
1 .2

----------  -----------------

C e l l s
Plasma

0 .8
0 .8

o 
oj

0 . 6
1 .0

0 .5  
1 . 1

S e r i e s  B. 1 2 . . 3 k 5
C e l l s
Slow Plasma 
P l e u r a l  F l u i d  o j  

Rapid P lasma

0 .8

)
0 . 8

0 .7
0 .1

0 .8

0 .6  
0. 2

0 .8

0 .5
0 .3

0 .8

0 . i +

0.1+

0 .8

The t e n  d i l u t i o n s  were s e t  up i n  W es te rg ren

200 mm. tu b e s  in  t h e  c o n s t a n t  t e m p e r a t u r e  chamber and 

th e  s e d i m e n t a t i o n  o b se rv ed  a t  10 m inu te  i n t e r v a l s  f o r  

3 h o u r s .  The r e s u l t s  a re  t a b u l a t e d  be low and a r e

shown g r a p h i c a l l y  on

RESULT: TABLE 13. 
S e d im e n t in  I n d i c e s

C h a r t  8.

D i l u t i o n  No. 1 2 __3 . k — 5.
S e r i e s  A. 1 .32 1 .45 1 .57 1 .71 1 .88
S e r i e s  B. 1. 57 1 .65 1.79 1.89 2 .05
D i f f e r e n c e s . 0 . 25 0 . 2 0 0 .22 0 .18 0 .1 7

DISCUSSION

According to Day’ s h y p oth es is  the d i f f e r e n c e

be tw een  each  tu b e  i n  S e r i e s  A and i t s  o p p o s i t e  number 

i n  S e r i e s  3 i s  N ’’u n i t s  o f  s e d i m e n t i n " ,  as  e q u a l  

q u a n t i t i e s  o f  sslow plasma have been  r e p l a c e d  by  r a p i d  

p lasma i n  the  f i v e  tu b es  o f  S e r i e s  B. T h e r e fo r e  th e  

d i f f e r e n c e  be tw een  t h e  Sed im en t in  I n d i c e s  o f  e ach  

p a i r  o f  t u b e s  sh o u ld  be th e  same.
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T h is  r e s u l t  was n o t  o b t a i n e d .  There was 

a t e n d e n c y  f o r  th e  S ed im e n t in  I n d i c e s  to  converge  

a s  t h e  S. I .  i n c r e a s e d ,  though  t h i s  was l e s s  marlted 

t h a n  i n  th e  l e s s  a c c u r a t e  ex p e r im e n t  which p r e c e e d e d .  

There f o r e  i t  can n o t  be  assumed t h a t  th e  S ed im en t in  

In d ex  h a s  an a b s o l u t e  v a lu e .

In  p r a c t i c e  the  S ed im en t in  Index  e x a g g e r a t e s  

s m a l l  c h an g e s  i n  E .S .R .  w i t h i n  th e  l i m i t s  o f  e x p e r im e n ta l  

e r r o r ,  a t  the  lower  r a t e s ,  a n d  m in im ises  changes  a t  

t h e  r a p i d  r a t e s .

F o r  example

M.V. S. I . M.V. S . I .

I4 0 .6 0  
6 0 .78

ko  1 .60  
60 1.78

From a lo n g  e x p e r i e n c e  o f  th e  e r y t h r o c y t e  

s e d i m e n t a t i o n  t e s t  I  am c o n v inced  t h a t  a change from 

M.V. iimrr/100 min. to  M.V. 6mm/100 min. may have  no 

c l i n i c a l  s i g n i f i c a n c e ,  w h i l e  a change from M.V. 

k0iwn/100 min. to  M.V. 60mm/100 min. i s  d e f i n i t e l y  

s i g n i f i c a n t .  The change i n  S. I .  i s  th e  same i n  t h e  

two c a s e s .



THE CUTBILL INDEX.

C u t b i l l ,  u s i n g  th e  W este rg ren  t e c h n iq u e ,  

found  t h a t  t h e r e  was a l a c k  o f  c o r r e l a t i o n  b e tw ee n  

th e  1 s t  and 2nd h o u r  r e a d i n g s .  He t h e r e f o r e  

t e m p o r a r i l y  abandoned them i n  f a v o u r  o f  a g rap h  

r e c o r d i n g  th e  f a l l  o f  the  uj)per c o r p u s c u l a r  l a y e r  

h o u r l y  f o r  f i v e  h o u rs  and th e n  a t  2k h o u r s  ( s e e  C h a r t  9 ) .  

T h is  was f a i r l y  s a t i s f a c t o r y  f o r  s e r i a l  t e s t s  in  a 

s i n g l e  p a t i e n t ,  b u t  i t  i s  n o t  good f o r  th e  com par ison  

o f  one p a t i e n t  w i th  a n o th e r .  I n  o r d e r  to do t h i s  

he e v o lv e d  a method o f  e x p r e s s i n g  the  5 hou r  g raph  

as  a s i n g l e  f i g u r e  ( C u t b i l l  1939)* The f i v e  hour  

p e r i o d  was chosen  b e c a u se  i t  i n c lu d e s  a l l  t h r e e  p hases  

o f  s e d i m e n t a t i o n ,  a c c e l e r a t i o n ,  maximum v e l o c i t y  

and p a c k i n g ,  i n  a l l  b u t  the  s lo w e s t  b lo o d s .

The h o u r l y  r e a d i n g s  a r e  r e a d  a s  p e r c e n t a g e s  

o f  the b l o o d  column (2 mm- 1^) and p l o t t e d  on a 

t im e  d i s t a n c e  graph.  The a r e a  above th e  l i n e  i s  

c a l c u l a t e d  b y  th e  t r a p e z o i d  r u l e  and e x p r e s s e d  as  

a p e r c e n t a g e  o f  the  r e c t a n g l e  bounded by  th e  

o r d i n a t e ,  h e i g h t  o f  column, and th e  a b c i s s a  t ime.

I n  p r a c t i c e  t h i s  i s  q u i t e  s im p le ,  as i s  shown by  

t h i s  example .
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Time ( H r s . ) Fall% M u l t i p l i e r R e s u l t

0 0 1 0
1 k3 2 86
2 63 2 126
3 65 2 130
k 66 2 132
5 67 1 67

5k.  1 fc

F o r  co n v en ien c e  t h e  d e c im a l  p o i n t  was 

o m i t t e d  and th e  above r e s u l t s  would have b een  

e x p r e s s e d  a s  C .1. = 5^1*

The method was c l i n i c a l l y  s a t i s f a c t o r y ,  b u t  

was l a b o r i o u s ,  a s  a r e  a l l  methods i n v o l v i n g  p l o t t i n g  

and c a l c u l a t i o n .  I t  was n o t  abandoned u n t i l  t h e  

c l o s e  n u m e r i c a l  r e l a t i o n s h i p  be tw een  t h e  C u t b i l l  

In d e x  and th e  2nd h o u r  r e a d i n g  was p roved .  T h is  

i s  d e m o n s t r a te d  in  C h a r t  10. My p e r s o n a l  e x p e r i e n c e  

o f  t h i s  method l a s t e d  more t h a n  a y e a r  ( o v e r  

2 ,5000  t e s t s ) .
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CHOICE OF TECHNIQUE.

I n  s e l e c t i n g  a method o f  e s t i m a t i n g  th e  

E. S. R. f o r  r o u t i n e  use i n  an i n s t i t u t i o n  where 

s e r i a l  t e s t s  a r e  c a r r i e d  o u t ,  i t  must be  remembered 

t h a t  any  o f  th e  many methods t h a t  have b e e n  d e v i s e d  

w i l l  g iv e  u s e f u l  r e s u l t s ,  though  the  s e n s i t i v i t y  

v a r i e s  g r e a t l y .

The word s e n s i t i v i t y  as  u se d  h e r e  r e q u i r e s  

d e f i n i t i o n .  I t  i n d i c a t e s

1. That  th e  E. S.R. by  th e  method u se d  

b e a r s  ro u g h ly  t h e  same p r o p o r t i o n  to  th e  maximum 

v e l o c i t y  o f  s e d im e n t a t i o n  a t  a l l  r a t e s .

2. That th e  s c a l e  o f  r e a d in g s  i s  l a r g e  

enough to  p r e v e n t  e x p e r i m e n t a l  e r r o r  b e in g  c on fused  

w i t h  s i g n i f i c a n t  changes i n  E.S .R.

F o r  example ,  when a s h o r t  column i s  u sed  

c e l l  p a c k in g  c a u s e s  d e c e l e r a t i o n  b e f o r e  t h e  maximum 

v e l o c i t y  i s  r e a ch e d  and r e s u l t s  f o r  the  h i g h e r  r a t e s  

a r e  s m a l l e r ,  i n  p r o p o r t i o n  to  t h e  M.V., t h a n  r e s u l t s  

f o r  slow and medium s e d im e n t in g  b lo o d s .  So t h e r e  i s  

l a c k  o f  s e n s i t i v i t y  a t  h i g h e r  r a t e s .

When r e a d i n g s  a re  t a k e n  a t  i  h o u r  and 1 

h o u r  most  o f  th e  slow s e d im e n t in g  b l o o d s  a re  s t i l l  

i n  the  a c c e l e r a t i o n  p h a s e ,  and r e s u l t s  f o r  th e  

s lo w e r  s e d im e n t in g  b l o o d s  a re  s m a l l e r  i n  p r o p o r t i o n



t o  t h e  M.V. t h a n  r e s u l t s  i n  t h e  medium and h i g h e r  

r a t e s ,  and th e  method l a c k s  s e n s i t i v i t y  f o r  

s low  s e d i m e n t i n g  b l o o d s .

A method employing a s h o r t  column w i th  t h e  

r e a d i n g  t a k e n  a t  ■§■ h o u r  may g i v e  r e s u l t s  which a r e  

r o u g h l y  p r o p o r t i o n a l  t o  t h e  M.V. b ecau se  th e  

a c c e l e r a t i o n  and d e c e l e r a t i o n  p h a s e s  o v e r l a p  and 

s e d i m e n t a t i o n  i s  always s lo w e r  t h a n  the  t h e o r e t i c a l  

maximum v e l o c i t y .  But th e  i n t e r v a l  be tween th e  

f a s t e s t  and s l o w e s t  r a t e s  i s  s m a l l ,  and s e n s i t i v i t y  

i s  p o o r  f o r  a l l  r a t e s .

Of the  s t a n d a r d  t e s t  tubes  o r  p i p e t t e s ,  t h e  

W e s te rg re n  p i p e t t e  a p p ro a ch e s  most c l o s e l y  to the  

i d e a l .  The h e i g h t  o f  column i s  s u f f i c i e n t ,  and th e  

b o r e  i s  a d e q u a te  i f  c i t r a t e d  b lo o d  i s  u se d .  And i t  

i s  c o n v e n i e n t  to  use  a t e c h n iq u e  t h a t  i s  used  more 

t h a n  any o t h e r  i n  Europe.

On t h e o r e t i c a l  gounds,  the  maximum v e l o c i t y  

o f  s e d i m e n t a t i o n  sh o u ld  be  measured .  To e s t i m a t e  t h i s  

t h e  f a l l  o f  th e  u p p e r  c o r p u s c u l a r  l a y e r  i s ,  p l o t t e d  a t  

5 o r  10 m inute  i n t e r v a l s  on a t i m e / d i s t a n c e  g raph .

The maximum g r a d i e n t  s e c t i o n  o f  the  cu rve  i s  e x te n d e d  

and from t h i s  l i n e  the  maximum v e l o c i t y  o f  s e d i m e n t a t i o n  

(M.V.)  i s  found.  D a y 's  method o f  e x p r e s s in g  t h i s  i n  

m i l l i m e t r e s  p e r  100 m in u te s  i s  e asy  to  m easure  and a v o id s  

t r o u b l e  w i th  the  dec im a l  p o i n t .  However, th e  e s t i m a t i o n  

o f  M.V. i s  a t ime consuming p ro c e d u re .  One p e r s o n



c a n n o t  t a k e  t h e  r e a d i n g s  a c c u r a t e l y  on more th an  

10 t o  12 t u b e s ,  and he has  to  do t h i s  f o r  a t  l e a s t  

two h o u r s  -  l o n g e r  i f  t h e r e  a r e  slow s e d im e n t in g  

b l o o d s .  T here  i s  n o t  t ime t o  s e t t l e  to  b t h e r  

work i n  th e  i n t e r v a l  be tw een  r e a d i n g s .  A f t e r  

t h a t  t h e  p l o t t i n g  and measurement o f  M.V. t a k e s  a 

f u r t h e r  two m in u te s  p e r  specimen. I t  s h o u l d  be  

n o t e d  t h a t  t h e  d e t e r m i n a t i o n  o f  th e  maximum g r a d i e n t  

i s  n o t  a lw ays  e a s y ,  e s p e c i a l l y  when th e  uppe r  

c o r p u s c u l a r  l a y e r  i s  i n d e f i n i t e .  Minor k in k s  may 

t h e n  a p p e a r  i n  the  cu rve  and some d i s c r e t i o n  must 

be  u se d  i n  d raw in g  th e  l i n e  o f  maximum g r a d i e n t .

I f  d i s c r e t i o n  i s  n o t  u s e d  th e  e x p e r i m e n t a l  e r r o r  

may b e  c o n s i d e r a b l e .

Because o f  th e  d i f f i c u l t y  o f  e s t i m a t i n g  
t h e  M.V. when d e a l i n g  w i th  a l a r g e  number o f  t e s t s ,

t h e  method h a s  been  used by  o n ly  a few w o rk e rs ,  b u t

i t  h a s  a good c la im  to  be  u sed  as  th e  s t a n d a r d  b y

which  o t h e r  methods a r e  judged.

U sers  o f  the  W es te rg ren  t e c h n iq u e  commonly 

r e p o r t  t h e  d i s t a n c e  f a l l e n  b y  th e  upp e r  c o r p u s c u l a r  

l a y e r  i n  one h o u r .  But l a r g e  d i s c r e p a n c i e s  be tw een  

t h e  f a l l  in  1 s t  and 2nd hou rs  l e d  to  th e  i n t r o d u c t i o n  

o f  t h e  C u t b i l l  Index  a t  th e  C h esh i re  J o i n t  Sana to r ium . 

L a t e r  t h e  c l o s e  r e l a t i o n s h i p  between the C u t b i l l  

Ind ex  and th e  f a l l  i n  2 h o u rs  was ob se rv ed .  I  have 

now u n d e r t a k e n  th e  comparison o f  the  f a l l  i n  1 hour  

and 2 h o u r s  w i th  the  M.V. (See C h a r t s  11' & }2 ) .
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T h ere  i s  c l o s e  c o r r e l a t i o n  "between t h e  f a l l  in  

2 h o u r s  and th e  M.V. up to  an E .8 .R .  o f  50mrry'2 h o u r s .  

F o r  r a t e s  above t h i s  th e  s c a t t e r  on t h e  g rap h  i s  

c o n s i d e r a b l e  and i n c r e a s i n g .  Some o f  th e  h i g h e r  

r e a d i n g s  were n o t  accommodated on t h e  g rap h  and 

were  as  f o l lo w s

TABLE 14.

2nd Hour M.V. 2nd Hour M.V. 2nd Hour M.V.

106 128 120 212 106 140
110 320 126 180 85 200

92 183 68 IkO 106 140
106 126 9k 16k 104 174
131 220 105 161 101 150
100 168 106 175 108 230

93 205 85 200 89 138
100 132

The accommodation o f  6% more p o i n t s  d id  

n o t  w a r r a n t  q u a d ru lp in g  th e  s i z e  o f  th e  g rap h .

The m ost  i n c o n s i s t e n t  s p o t  on the  g raph  

2 h o u r  5 9 -5 }  M.V. 100,  b e lo n g e d  to the  s y p h i l i t i c  

p a t i e n t  r e f e r r e d  to  i n  P a r t  I I I .  The r e s u l t s  o f  

a l l  o t h e r  e s t i m a t i o n s  on t h i s  p a t i e n t  showed 

e x c e s s i v e  s c a t t e r ,  b u t  were o f f  the  g raph  and 

a p p e a r  i n  th e  above t a b l e .

I n  com par ison ,  th e  c o r r e l a t i o n  b e tw een  th e  

f a l l  i n  1 h ou r  and the  M.V. was n o t  ;so good;.

The h o r i z o n t a l  s c a t t e r  a t  5mm/1 hour  was 15 mm. 

compared w i t h  a s c a t t e r  o f  5 mm a t  10mm/2 h o u r .  

There  i s  e x c e s s i v e  s c a t t e r  i n  the  1 s t  h o u r  g raph  

a t  a l l  comparab le  l e v e l s  u n t i l  th e  l e v e l  on the



2nd h o u r  g raph  i s  r e a c h e d  where s c a t t e r  becomes 

c o n s i d e r a b l e .

Comparing the  1 s t  and 2nd h ou r  r e a d i n g s  

i n  t h i s  s e r i e s  d i r e c t l y  i t  was n o t e d  t h a t  i n  t h e  

low er  r a n g e  o f  E. S.R. , e s p e c i a l l y  u n de r  JOnim/ 2 h o u r ,  

t h e  2nd h o u r  r e a d i n g  i s  much more s e n s i t i v e  t h a n  

t h e  1 s t  h o u r  r e a d i n g .  I n  t h i s  range  the  1 s t  h o u r  

r e a d i n g  i s  f r e q u e n t l y  n e a r e r  3 t h an  -J o f  t h e  2nd 

hour  r e a d i n g ,  b e ca u se  in  s lo w a e d im e n t in g  b l o o d s ,  the  

f i r s t  h o u r  i n c l u d e s  only  th e  a c c e l e r a t i o n  p e r i o d  o f  

t h e  s e d i m e n t a t i o n .  The f o l l o w i n g  a r e  exam p les ,  and 

a s e d i m e n t a t i o n  g raph  d e m o n s t r a t i n g  t h i s  p o i n t  i s  

a t t a c h e d  ( C h a r t  13)

TABLE 15 .

1 s t  Hour 2nd Hour M.V. 1s t Hour 2nd Hour M.V.

1 3 k - 5 8. 5 2k 28
2 6 . 5 9 . 5 10 . 5 25 25-!
3 7 . 5 10 11 31 35-!
3 . 5 9. 5 10 . 5 12 30 30
5 •15.5 20 12 3k . 38
6 . 19 22 12. 5 35 37
L  _ 19 22 Ik .* J56.

On th e  o t h e r  hand,  f o r  v e r y  r a p i d l y  

s e d i m e n t i n g  b lo o d s  t h e  f i r s t  h o u r  r e a d i n g  i s  more 

s e n s i t i v e  th an  t h e  second hour  r e a d i n g ,  b e c a u se
r t

th e  maximum v e l o c i t y  p e r i o d  i s  d u r i n g  th e  f i r s t  

hour  when th e  E .S .R .  i s  r a p i d ,  and d e c e l e r a t i o n  due 

to  p a c k i n g  o c c u r s  d u r i n g  th e  second h o u r ,  as  i s  s e e n

from t h e s e  examples and the  s e d i m e n t a t i o n  g raph  ( C h a r t  1Z+)
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TABLE 16

1 s t  Hour 2nd Hour M.V. 1 s t  Hour 2nd Hour M.V.

61 93 110 96 110 320
65 89 138 96 120 212
69 106 i k o 97 126 180
77 92 183 101 132 220
86 108 230

Less  t h a n  20% o f  the  r e s u l t s  i n  t h i s  

u n s e l e c t e d  s e r i e s  o f  e s t i m a t i o n s  a r e  above t h e  l e v e l  

a t  which th e  1 s t  hour  r e a d i n g  may he  c o n s i d e r e d  more 

a c c u r a t e ,  w h i le  more t h a n  5 0 % a r e  be low  t h e  l e v e l  

a t  which th e  2nd h o u r  i s  more a c c u r a t e .

Prom th e  p o i n t  o f  view o f  a c l i n i c i a n  I  

f i n d  t h a t  a c c u ra c y  o f  E. S.R. i s  more d e s i r a b l e  in  

th e  s lo w e r  r an g e  of  E .S .R .  t h a n  i n  the  more r a p i d  

r a n g e  a s  i t  i s  u s u a l l y  i n  th e  p a t i e n t s  w i t h  m odera te  

t o  s low E .S .R .  t h a t  one f i n d s  normal  t e m p e r a tu r e  

and p u l s e  r a t e ,  i n s i g n i f i c a n t  changes i n  p h y s i c a l  

s i g n s  f rom month t o  month,  and e q u iv o c a l  r a d i o l o g i c a l  

changes .  I n  p a t i e n t s  w i t h  u n i l a t e r a l  d i s e a s e  

t r e a t e d  b y  a r t i f i c i a l  pneumothorax ,  p u l s e  r a t e ,  

t e m p e r a t u r e ,  p h y s i c a l  s i g n s  and sk ia g ram  may a l l  

f a i l  to  g iv e  i n f o r m a t i o n  a s  t o  th e  p r o g r e s s  o f  the  

t u b e r c u l o u s  l e s i o n .  I n  t h e s e  c a s e s  th e  r e t u r n  o f  

th e  E .S .R .  to  normal  l e v e l s  and i t s  m a in ten a n ce  t h e r e  

i s  p r o b a b ly  th e  b e s t  i n d i c a t i o n  o f  the  t ime f o r  

d i s c h a r g e  from th e  s a n a to r iu m .  The second h o u r  

r e a d i n g  i s  more s e n s i t i v e  t h a n  th e  f i r s t  hour  r e a d i n g
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f o r  t h i s  p u r p o s e .  The t o l e r a n c e  f o r  e x e r c i s e  h a s ,  

o f  c o u r s e ,  been  p r o v e d ,  b y  t h e  g r a d u a t e d  work and 

e x e r c i s e  o f  s a n a to r iu m  r o u t i n e .

I t  i s  t h e r e f o r e  s u g g e s t e d  t h a t  s e d i m e n t a t i o n  

i n  t h e  W es te rg re n  tu b e  s h o u ld  b e  r e a d  a t  two h o u r s ,  

and t h a t  a d d i t i o n a l  i n f o r m a t i o n  r e g a r d i n g  r a p i d l y  

s e d i m e n t i n g  b l o o d s  w i l l  be  g a in e d  i f  i t  i s  r e a d  

a t  one h o u r  a l s o .

SUMMARY OF SUGGESTED TECHNIQUE

1. 20^ o f  3*8$ sodium c i t r a t e  s o l u t i o n  sh o u ld  be  
u se d  a s  a n t i c o a g u l e n t .

2. The W es te rg ren  p i p e t t e  sho u ld  be u se d .

3.  The Tem pera tu re  o f  the  t e s t  sh o u ld  b e  c o n t r o l l e d .

Read ings  sh o u ld  be t a k e n  a t  1 hour  and 2 h o u r s .

5* C o r r e c t i o n  f o r  c e l l  volume i s  n o t  e s s e n t i a l  when 
s e r i a l  t e s t s  a r e  p e r fo rm ed .



PART I I I  

I N T R O D U C T I O N

In  o r d e r  t o  show how th e  method .of  

e s t i m a t i n g  and r e c o r d i n g  t h e  E r y t h r o c y t e  S e d im e n ta t io n  

R a te  a d v o c a te d  a t  t h e  end o f  P a r t  I I  works ou:t i n  

p r a c t i c e ,  I  have s e l e c t e d  a s e r i e s  from c a s e s  u n d e r  

my c a r e  d u r i n g  th e  p a s t  f i v e  y e a r s .

They a r e  chosen  as  t y p i c a l  o f  th e  c l o s e  

r e l a t i o n  be tw een  t h e  E .S .R .  and th e  c l i n i c a l  p r o g r e s s  

o f  c a s e s  t r e a t e d  by  a v a r i e t y  o f  m ethods ,  and examples  

a r e  a l s o  g iv en  o f  anomalous r e s u l t s  due to  v a r i o u s  

c a u s e s .  A s h o r t  n o t e  on each  c a s e  accompanies  t h e  

p r o g r e s s  c h a r t  which shows t h e  E .S .R .  a t  28 day 

i n t e r v a l s ,  the  landm arks  o f  t r e a t m e n t ,  c o m p l i c a t i o n s ,  

t h e  s t a t e  o f  t h e  sputum, and s k e t c h e s  o f  some sk ia g ra m s .

There  has  o f  r e c e n t  y e a r s  b een  a ten d e n cy  

among t u b e r c u l o s i s  w o rke rs  to  abandon th e  a s s i s t a n c e  

o f  s e r i a l  E .S .R .  e s t i m a t i o n s  in  a s s e s s i n g  th e  p r o g r e s s  

o f  p a t i e n t s ,  w h i le  s t i l l  u s i n g  th e  t e s t  as  an a i d  to  

d i a g n o s i s  and p r o g n o s i s .  The a u t h o r s  o f  one r e c e n t  

p a p e r  (L ew is -F an n in g  & Myers 19U2) co n te n d  t h a t  too  

many e x t r a n e o u s  f a c t o r s  may cause  f l u c t u a t i o n  in  th e  

E .S .R .  from t im e  to t im e ,  y e t  t h e y  p rove  s t a t i s t i c a l l y ,  

a s  d i d  T r a i l l  (1933)> t h a t  a s i n g l e  e s t i m a t i o n  on



d i s c h a r g e  from a s a n a t o r i u m  i s  o f  c o n s i d e r a b l e  

p r o g n o s t i c  v a lu e -  My own view i s  t h a t  th e  

e x t r a n e o u s  f a c t o r s  a re  more e a s i l y  r e c o g n i s e d  i n  

s e r i a l  t e s t s ,  and an e x p l a n a t i o n  f o r  most 

anomalous r e s u l t s  can be d i s c o v e r e d .  I  have a l s o  

b e e n  a s s o c i a t e d  w i th  some unj:>ublished work which 

shows t h a t  p r o g n o s i s  from s e r i a l  t e s t s  i s  much 

more a c c u r a t e  t h a n  p r o g n o s i s  from a s i n g l e  t e s t .

The f o l lo w in g  a b b r e v i a t i o n s  a r e  u s e d  on 

t h e  c h a r t s .

R.A.P . = R i g h t  A r t i f i c i a l  Pneumothorax
L.A.P.  = L e f t  A r t i f i c i a l  Pneumothorax
J .  = I n t e r n a l  Pneu m o lys is
A  = P h r e n i c  E v u l s io n
T. = T h o r a c o p la s t y
G. ss Gold t r e a t m e n t  commenced
Ga. = Calcium G lucona te  T rea tm en t  commenced.
SP. = Sputum.
+ = T .B . fo u n d  on d i r e c t  smear

= No T.B. found on d i r e c t  smear 
C = R e s u l t  o f  C u l t u r e  f o r  T.B.
M = T u b e r c u l i n  T e s t
End = T u b e rc le  E n d o toxo id .



PRIMARY TUBERCULOUS INFECTION

The e f f e c t  o f  P r im a ry  T u b e rc u lo u s  

I n f e c t i o n  on th e  E .S .R .  i s  d e m o n s t r a te d  b y  th e  

f o l l o w i n g  t h r e e  n u r s e s  who j o i n e d  t h e  s t a f f  w i t h  

a n e g a t i v e  T u b e r c u l i n  r e a c t i o n .  The T u b e r c u l i n  

r e a c t i o n  and E .S .R .  were r e p e a t e d  m o n th ly  a s  lo n g  

a s  t h e  fo rm er  rem ained  n e g a t i v e .  T h e r e a f t e r  th e  

f r e q u e n c y  o f  E .S .R .  e s t i m a t i o n  and r a d i o l o g i c a l  

e x a m in a t io n  depended on the  c l i n i c a l  c o n d i t i o n .

Case 1. T h is  c a s e  shows a sudden sh a rp  r i s e  i n  

E .S .R .  c o i n c i d e n t  w i th  the  change i n  T u b e r c u l i n  

r e a c t i o n ,  accompanied b y  no r a d i o l o g i c a l  o r  

sym ptomatic  e v id e n c e  o f  t u b e r c u l o u s  i n f e c t i o n .

T h e . r a p i d  r e t u r n  o f  t h e  E. S.R. to  norm al  l i m i t s  

i s  n o te w o r th y .

Case 2 .

T h i s  c a s e  shows a s i g n i f i c a n t  r i s e  i n  

E .S .R .  c o i n c i d i n g  w i th  t h e  change i n  T u b e r c u l i n  

r e a c t i o n ,  and t h e  a p p ea ran ce  o f  a t y p i c a l  p r im a ry  

complex i n  t h e  R ig h t  Lung. A sm a l l  l e s i o n  a t  t h e  

r i g h t  b a s e  was accompanied b y  e n la rg em en t  o f  r i g h t  

h i l a r  g l a n d s .  There  were no symptoms, and  th e  

E .S .R .  f e l l  to  a l e v e l  w i t h i n  normal  l i m i t s .  There  

was r a p i d  r e t r o g r e s s i o n  o f  t h e  h i l a r  g l a n d s  and 

th e  pa renchym al  l e s i o n  i s  c o n t r a c t i n g .
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G a s e  5»

T h i s  c a s e  s h o w s  a s i g n i f i c a n t  s u s t a i n e d  

r i s e  i n  E . S . R .  c o m m e n c i n g  w i t h  t h e  c h a n g e  i n  

T u b e r c u l i n  r e a c t i o n ,  w h i c h  was a c c o m p a n i e d  by  

E r y t h e m a  N odsum ,  e l e v a t e d  t e m p e r a t u r e  a n d  i n c r e a s e d  

p u l s e  r a t e ,  a n d  r a d i o l o g i c a l  a p p e a r a n c e  o f  a  t y p i c a l  

p r i m a r y  c o m p l e x  i n  t h e  R i g h t  L u n g ,  t h o u g h  t h i s  g a v e  

r i s e  t o  n o  l o c a l i s i n g  s y m p to m s  o r  p h y s i c a l  s i g n s .

S he  w as  o f f  d u t y  f o r  f o u r  m o n t h s ,  a n d  w a s  

s t i l l  o n  h a l f  t i m e  w hen  s h e  l e f t  t h e  s t a f f  s e v e n  

m o n t h s  a f t e r  t h e  c h a n g e  i n  T u b e r c u l i n  r e a c t i o n .  The  

E . S . R .  h a d  r e t u r n e d  t o  n o r m a l  a n d  t h e  r a d i o l o g i c a l  

a p p e a r a n c e  w a s  m u c h  i m p r o v e d .
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PLEURISY WITH EFEU3I0N

Case k  (33. P. )

A dm it ted  i n  f a i r  g e n e r a l  c o n d i t i o n  w i t h  

a h i s t o r y  o f  p l e u r i s y  3 months b e f o r e  and a g a i n  

6 weeks l a t e r .  A f t e r  t h e  second a t t a c k  f l u i d  

was a s p i r a t e d  from t h e  r i g h t  c h e s t  i n  h o s p i t a l .

On a d m i s s io n  h e re  she  was sym ptomless ,  b u t  th e  

sk ia g ram  showed a f l u i d  o p a c i t y  a t  t h e  r i g h t  b a s e  

and p o o r  t r a n s l u c e n c y  t h r o u g h o u t  th e  r i g h t  c h e s t .  

An a t t e m p t  to  a s p i r a t e  f l u i d  f o r  b a c t e r i o l o g i c a l  

e x a m in a t io n  f a i l e d .

P r o g r e s s  was u n e v e n t f u l .  Her w e igh t  

i n c r e a s e d  by  21 l b s  i n  12 weeks,  and good r a d i o 

l o g i c a l  c l e a r i n g  accompanied th e  r a p i d  r e t u r n  to 

norm al  o f  t h e  E .S .R .  T r a i l l  found t h a t  th e  

p r o g n o s i s  was v e r y  good in  c a s e s  o f  p l e u r i s y  w i t h  

e f f u s i o n  \vho r e c e i v e d  s a n a to r iu m  t r e a t m e n t  u n t i l  

t h e  E. S. R. was norm al .





Case 5 ( M.B. )

A dm itted  in  f a i r l y  good g e n e r a l  c o n d i t i o n  

w i t h  a h i s t o r y  o f  an i n f l u e n z a - l i k e  i l l n e s s  6 months 

b e f o r e  a d m i s s io n ,  and r e c u r r e n c e  o f  cough ,  sputum 

and m a l a i s e  and  c h e s t  p a i n  t h r e e  months l a t e r .  The 

sputum was b l o o d - s t r e a k e d  once.  The sk ia g ra m  showed 

e x u d a t i v e  m o t t l i n g  o f  t h e  r i g h t  upper  l o b e  w i th  a 

honeycomb o f  s m a l l  c a v i t i e s .  There  was some m o t t l i n g  

in  t h e  r i g h t  low er  lo b e  and i n  th e  l e f t  mid zone ( ? 

apex  o f  lo w er  l o b e )  A r i g h t  a r t i f i c i a l  pneum o- tho rax  

was in d u c e d ,  and  a l l  a d h e s i o n s  were c a u t e r i s e d  9 weeks 

l a t e r .  The r e a c t i o n  to  t h e  c a u t e r y  shows w e l l  on 

t h e  E .S .R .  c h a r t .  T h e r e a f t e r  h e r  p r o g r e s s  was 

u n e v e n t f u l .
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BILATERAL PNEUMOTHORAX 

Case 6 (N. M. )

A dm it ted  i n  f a i r  g e n e r a l  c o n d i t i o n ,  h a v in g  

"been i n  a n o t h e r  S a n a to r iu m  f o r  most  o f  t h e  p r e v i o u s  

y e a r .  The o n ly  symptoms were s l i g h t  cough and 

m a l a i s e .  The sk iag ram  showed i n f i l t r a t i o n  and a 

c a v i t y  i n  th e  r i g h t  m id-zone  and a s i m i l a r  l e s i o n  

i n  t h e  l e f t  s u b - a p i c a l  r e g i o n .

A r t i f i c i a l  pneumothorax t r e a t m e n t  was 

w i t h - h e l d  a t  f i r s t  b e c a u se  o f  th e  m in im al  symptoms 

and n e g a t i v e  sputum. But a sk ia g ram  a t  3 months 

showed s p r e a d  o f  t h e  d i s e a s e  i n  th e  l e f t  lu n g ,  and 

th e  sputum was p o s i t i v e .  Improvement commenced 

a f t e r  i n d u c t i o n  o f  a l e f t  A.P. and c o n t i n u e d  w i th  

th e  s t a g e s  o f  t r e a t m e n t .  By th e  9 t h  month she had 

a good b i l e t t t r a l  pneumothorax ,  f r e e  from a d h e s i o n s ,  

no sputum and a normal E .S .R .  F u r t h e r  p r o g r e s s  

was u n a f f e c t e d  by  the  a p p e a ra n c e  o f  a t r a n s i e n t  

e f f u s i o n  i n  t h e  l e f t  A.P. which c l e a r e d  u p - a f t e r  

t h r e e  a s p i r a t i o n s  w i t h o u t  a d v e r s e l y  a f f e c t i n g  t h e  

pneumothorax .



PLEURAL EFFUSION IN ARTIFICIAL PNEUMOTHORAX

Case 7 (A .S)

A d m it ted  i n  f a i r  g e n e r a l  c o n d i t i o n ,  w i th  

a h i s t o r y  o f  a s th m a  f o r  11 y e a r s .  M a la i s e  commenced 

18 m onths  b e f o r e  a d m i s s io n  tho u gh  t h e  as thm a was 

b e t t e r .  C h es t  p a i n ,  a n o r e x i a  and l o s s  o f  w e ig h t  

commenced 6 months l a t e r ,  when th e  sputum was 

p o s i t i v e  f o r  t u b e r c l e  b a c i l l i .  Two months l a t e r  

a l l  symptoms were worse  and he e n t e r e d  a n o t h e r  

s a n a t o r i u m  where he r em a in e d  u n t i l  he came t o  u s ,  

h a v i n g  two h aem op tyses  d u r i n g  h i s  s t a y  t h e r e .  The 

sk i a g r a m  showed a l a r g e  c a v i t y  w i th  f l u i d  l e v e l  i n  

t h e  r i g h t  u p p e r  l o b e ,  s u r r o u n d e d  b y  e x u d a t i v e  m o t t l i n g ,  

and t h e r e  was e x u d a t i v e  m o t t l i n g  i n  th e  l e f t  mid 

zone.  A r i g h t  a r t i f i c i a l  pneum othorax  was i n d u c e d  and 

s i x  weeks l a t e r  a d h e s i o n s  v/ere c a u t e r i s e d .  T h ere  was 

a f e b r i l e  r e a c t i o n  a f t e r  t h i s  o p e r a t i o n  and a m a s s iv e  

p l e u r a l  e f f u s i o n  formed.  T h is  w a s ■a s p i r a t e d  

f i f t e e n  t im e s  b e f o r e  i t  d r i e d  u p ,  l e a v i n g  an e f f e c t i v e  

p n e u m o - th o ra x  w i t h  t h e  c a v i t y  c l o s e d .  The d e t e r i o r a t i o n  

i n  E .S .R .  a t  the  8 t h  month c o i n c i d e d  w i t h  a s l i g h t  

s p r e a d  o f  t h e  d i s e a s e  i n  t h e  l e f t  lu n g .  T h is  c l e a r e d  

c o n s i d e r a b l y  b e f o r e  d i s c h a r g e .
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ARTIFICIAL PNEUMOTHORAX WITH PLEURAL EFFUSION

CASE 8 (H.C. )

Adm it ted  i n  f a i r l y  good g e n e r a l  c o n d i t i o n ,  

though  f e h r i l e ,  w i t h  a h i s t o r y  o f  l o s s  o f  w e ig h t  

f o r  f o u r  months and r e c e n t  cough, c h e s t  p a i n ,  

h a e m o p ty s i s  and dyspnoea.  The sk ia g ram  showed 

s l i g h t  s c a t t e r e d  m o t t l i n g  in  th e  r i g h t  lu n g .  On 

t h e  l e f t  t h e r e  was a l a r g e  c a v i t y  n e a r  t h e  apex and 

a s m a l l  p l e u r a l  e f f u s i o n  a t  t h e  h a s e .  A l e f t  

a r t i f i c i a l  pneum o-thorax  was induced  and a month 

l a t e r  10 ounces o f  c l e a r  f l u i d  was a s p i r a t e d  from 

th e  l e f t  c h e s t .  T h e r e a f t e r  th e  t e m p e r a tu r e  s e t t l e d ,  

and a d h e s i o n s  were c a u t e r i s e d  i n  the  3 rd  month.

As th e  c a v i t y  d id  n o t  c l o s e  a l t h o u g h  th e  apex was 

c o m p l e t e ly  f r e e ,  t h e  l e f t  p h r e n i c  n e r v e  was e v u ls e d  

i n  t h e  1+th month. From t h e n  onwards h e r  p r o g r e s s  

was u n e v e n t f u l .

T h is  c a s e  and the  p r e v i o u s  one d e m o n s t r a te  

t h a t  i n  c a s e s  o f  p l e u r a l  e f f u s i o n  c o m p l i c a t i n g  

a r t i f i c i a l  pneumothorax ,  a r a p i d  improvement i n  

th e  E. S.R. i n d i c a t e s  p r o b a b le  r e s o l u t i o n  o f  the  

e f f u s i o n ,  though  t h i s  may tak e  a c o n s i d e r a b l e  t im e.

I f ,  on t h e  o t h e r  hand,  the  E .S .R .  r em a in s  r a p i d  

a f t e r  an  e f f u s i o n  has  d e v e lo p ed ,  th e  e f f u s i o n  i s  

l i k e l y  to. p r o g r e s s  to  empyema f o r m a t io n .

These f i n d i n g s  have b e en  o b se rv e d  in  a 

l a r g e  number o f  c a s e s ,  though  a l l  a re  n o t  so c l e a r  c u t .
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AR TIFIC IA L PNEUMOTHORAX WITH PLEURAL EFFUSION

Case 9 ( J .  W. )

In  c o n t r a s t  t o  the  two p r e v i o u s  c a s e s  t h i s  

i s  an example o f  p l e u r a l  e f f u s i o n  g o in g  on t o  empyema. 

He was a d m i t t e d  i n  f a i r  g e n e r a l  c o n d i t i o n  w i t h  a 

h i s t o r y  o f  morning  cough commencing a y e a r  e a r l i e r .  

Three  months l a t e r  t h e r e  was cough, c o p io u s  sputum, 

h u s k i n e s s ,  dyspnoea ,  c h e s t  p a i n ,  m a l a i s e ,  and a 

l a r g e  h a e m o p ty s is .  A f t e r  d i s c h a r g e  from m i l i t a r y  

h o s p i t a l s  i t  was some time b e f o r e  he c o u ld  be 

p e r s u a d e d  t o  e n t e r  a s a n a to r iu m .  The sk iag ram  

showed a sm a l l  Assmann’ s fo cu s  and s l i g h t  m o t t l i n g  in  

t h e  r i g h t  m id -zo ne ,  and in  th e  l e f t  heavy m o t t l i n g  

m a in ly  e x u d a t iv e  in  t y p e ,  in. t h e  m id -z o n e ,  and a 

g roup  o f  c a v i t i e s .  A l e f t  A.P. was in d u ce d  and 

i n t r a  m u sc u la r  gold  i n j e c t i o n s  commenced. E ig h t  

weeks l a t e r  a l l  a d h e s i o n s  in  t h e  A.P. were s u c c e s s f u l l y  

c a u t e r i s e d .  The r e a c t i o n  o f  t h i s  e x t e n s i v e  b u r n  was 

o f  s h o r t  d u r a t i o n  and he made good p r o g r e s s  f o r  t h r e e  

months .  A p l e u r a l  e f f u s i o n  d ev e lo p ed  w i th  a c u t e  

o n s e t  and h ig h  te m p e ra tu re  in  th e  8 t h  month. The 

f l u i d  was c l e a r  a t  f i r s t  b u t  t h e  t u b e r c l e  b a c i l l u s  

was r e c o v e r e d  on c u l t u r e .  The te m p e ra tu re  b egan  

t o  f a l l  s lo w ly  a f t e r  th e  f i r s t  week b u t  d i d  n o t  

r e a c h  normal l e v e l s ,  and t h e r e  was a f e b r i l e  r e a c t i o n



t o  e v e r y  a s p i r a t i o n ■o f  f l u i d ,  which became f r a n k l y  

p u r u l e n t  a f t e r  8 weeks. A f t e r  months o f  t r e a t m e n t  

b y  p l e u r a l  l a v a g e  and i n t r a p l e u r a l  i n s t i l l a t i o n  

o f  cod l i v e r  o i l  t h e  empyema c a v i t y  i s  s l o w l y  

o b l i t e r a t i n g ,  b u t  w i th  t h e  r e - e x p a n s i o n  o f  th e  

l e f t  l u n g ,  which  commenced e a r l y  in  th e  c o u r s e  o f  

th e  e f f u s i o n  th e  sputum a g a i n  became p o s i t i v e .

The p e r s i s t e n t l y  r a p i d  E .S .R .  i n  t h e  

8 t h  9 th  and 10 th  months sho u ld  be c o n t r a s t e d  w i th  

the  r a p i d  improvement in  S .S .R .  a f t e r  on month 

i n  t h e  two p r e v io u s  c a s e s  in  which th e  e f f u s i o n  

c l e a r e d  up w i t h o u t  becoming p u r u l e n t .  The 

p r e s e n c e  o f  t u b e r c l e  b a c i l l i  i n  th e  f l u i d  d o es  n o t  

e x c lu d e  the  p o s s i b i l i t y  o f  a s a t i s f a c t o r y  outcome.
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PULMONARY TUBERCULOSIS COMPLICATED BY DIABETES MELITUS 
TREATED BY ARTIFICIAL PNEUMOTHORAX AND PHRENIC EVULSION

Case 10 (H.S . )

A dm it ted  in  f a i r l y  good g e n e r a l  c o n d i t i o n  

w i t h  d i a b e t e s  m e l i t u s  o f  11 y e a r s  d u r a t i o n  which 

t e m p o r a r i l y  was o u t  o f  c o n t r o l ,  h u t  was c o n t r o l l e d  

a g a i n  w i t h  some d i f f i c u l t y  by  i n s u l i n  and d i e t .

He had a h i s t o r y  o f  cough, sputum, h u s k i n e s s  commencing 

6 months b e f o r e  a d m is s io n ,  fo l lo w e d  by  h a e m o p ty s is  and 

c h e s t  p a i n .  The sputum was p o s i t i v e  f o r  t u b e r c l e  

b a c i l l i  two months b e f o r e  a d m iss io n .

He improved r a p i d l y  a f t e r  t h e  i n d u c t i o n  o f  

a r i g h t  a r t i f i c i a l  pneumothorax and the  c a u t e r i s a t i o n  

o f  a d h e s i o n s  i n  two s e s s i o n s ,  which l e f t  him w i th  

t h e  l u n g  f r e e  e x c e p t  f o r  an a r e a  on t h e  upper  

m e d ia s t in u m .  The i n c r e a s e  i n  E .S.R.  a f t e r  e x t e n s i v e  

c a u t e r i e s  i s  commonly se en .  In  t h i s  c a se  the  b u r n t  

a r e a  on t h e  c h e s t  w a l l  m easured  a p p ro x im a te ly  x k?"

P h r e n i c  e v u l s i o n  was pe r fo rm ed  t o  r e l a x  the 

t e n s i o n  on t h e  m e d i a s t i n a l  a d h e s io n .

I t  i s  n o te w o r th y  t h a t  t h i s  d i a b e t i c  who 

r e q u i r e d  i+0 u n i t s  o f  i n s u l i n  d a i l y  t o l e r a t e d  an 

e x t e n s i v e  c a u t e r y  w i t h  t h e  minimum o f  r e a c t i o n .



Ch se 10.



PHRENIC CRUSH AND EVULSION.

Case 11 (M.E.M. V

A dm it ted  in  r a t h e r  p oo r  g e n e r a l  c o n d i t i o n  

w i t h  cough,  sputum, m a l a i s e  and l o s s  o f  w e ig h t  o f  

6 months d u r a t i o n  and more r e c e n t  h u s k i n e s s ,  c h e s t  

p a i n  and dyspnoea.  The sk iag ram  showed heavy t u b e r 

c u lo u s  i n f i l t r a t i o n  o f  t h e  r i g h t  lower  lo b e  w i t h  a 

l a r g e  c a v i t y  w i th  f l u i d  l e v e l .  There were sm a l l  

o p a c i t i e s  a t  th e  r i g h t  apex and the  l e f t  mid zone. 

A t tem p ts  t o  in d uce  a r i g h t  A.P. f a i l e d ,  and i n t r a 

venous  g o ld  t r e a t m e n t  commenced. The r i g h t  p h r e n i c  

n e rv e  was c ru s h e d  a t  t h e  t h i r d  month, ’''hen t h e r e  was 

a l r e a d y  some r a d i o l o g i c a l  improvement,  w i t h  r e d u c t i o n  

i n  th e  s i z e  o f  th e  c a v i t y .  Improvement was p r o g r e s s i v e ,  

and  a s  th e  r i s e  o f  diaphre^n was i n f l u e n c i n g  th e  

d i s e a s e d  a r e a  th e  r i g h t  p h r e n i c  n e rv e  was e v u l s e d  

a t  t h e  7 th  month. She was d i s c h a r g e d  symptomless 

a t  t h e  1 2 th  month, though t h e r e  were s t i l l  p h y s i c a l  

s i g n s  s u g g e s t i v e  o f  c a v i t a t i o n  i n  the  r i g h t  " d o r s a l  

l o b e " .

The t h o r a c i c  su rg eo n  d id  n o t  c o n s i d e r  h e r  

s u i t a b l e  f o r  t h o r a c o p l a s t y .
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SANATORIUM ROUTINE ATTD GOLD TREATMENT.

Case 12 ( J .  7. R. )

A dm it ted  in  f a i r  g e n e r a l  c o n d i t i o n  w i th  a 

h i s t o r y  o f  l e f t  s i d e d  p l e u r i s y  w i th  e f f u s i o n  8 y e a r s  

ago ,  and r e c e n t  cough, sputum, m a la i s e  and l o s s  o f  

w e ig h t .  The sk iag ram  showed b i l a t e r a l  l e s i o n s  m a in ly  

p r o d u c t i v e  in  t y p e ,  w i th  c a v i t a t i o n  a t  the .  l e f t  

apex .  A t tem p ts  to  induce a l e f t  a r t i f i c i a l  pneumo

t h o r a x  f a i l e d .  He was kej)t  i n  bed  f o r  t h r e e  m onths ,  

i n t r a v e n o u s  c r i s a l b i n e  i n j e c t i o n s  commencing d u r in g  

t h e  2nd month. T h e r e a f t e r  h i s  p r o g r e s s  ' th ro u g h  th e  

s a n a to r iu m  g ra d e s  o f  e x c e r s i s e  was r a p i d ,  and a t  

6 months he was up a l l  day, w a lk ing  f o r  an hour  and 

d o in g  t h r e e  h o u r s  m odera te  work. There was p r o g r e s s i v e  

r a d i o l o g i c a l  c l e a r i n g  though  a c a v i t y  became v i s i b l e  

i n  t h e  r i g h t  apex.

I t  i s  o f  i n t e r e s t ,  though p o s s i b l y  n o t  

s i g n i f i c a n t  t h a t  the  o n ly  p o s i t i v e  sputum specimen 

a f t e r  th e  1 s t  month fo l lo w e d  a s l i g h t  r i s e  i n  E .S .R . '  

a l t h o u g h  th e  p h y s i c a l  s i g n s  and symptoms were 

unchanged.
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TUBERCLE ENDOTOXOID 

Case 13 (D .3 .  )

A dm it ted  i n  f a i r  g e n e r a l  c o n d i t i o n ,  b u t  

f e b r i l e ,  w i t h  cough,  sputum and h u s k i n e s s  o f  4 

months  d u r a t i o n ,  and more r e c e n t  c h e s t  p a i n  and ■* 

l o s s  o f  w e ig h t .  The sk ia g ra m  showed a m ass iv e  

e x u d a t i v e  l e s i o n  w i th  c a v i t i e s ,  i n v o l v i n g  th e  

whole r i g h t  u p p e r  l o b e ,  and a sm a l l  a r e a  o f  i n f i l t r a t i o n  

i n  th e  l e f t  mid zone. A t te m p ts  to  in du ce  a r i g h t  

a r t i f i c i a l  pneum o-thorax  f a i l e d .  She was k e p t  on 

s t r i c t  b e d  r e s t  f o r  5 months ,  b y  which t ime th e  

t e m p e r a t u r e  was s e t t l i n g .  Then t r e a t m e n t  by  t u b e r c l e  

e n d o to x o id  i n j e c t i o n s  was commenced. T h is  was 

w e l l  t o l e r a t e d ,  and a f t e r  t h r e e  months she was a l lo w e d  

up and s lo w ly  p r o g r e s s e d  th ro u g h  th e  s a n a to r iu m  

g r a d e s  o f  e x e r c i s e .  There  was p r o g r e s s i v e  r a d i o l o g i c a l  

c l e a r i n g  u n t i l  by  the  l@th month th e  sk ia g ram  showed a 

s m a l l  a p i c a l  c a v i t y ,  d i a m e t e r  1 .5  c.rn., i n  th e  c e n t r e  

o f  a l o c a l i s e d  shadow. She was sym ptomless ,  and  

w e l l  enough to  commence t r a i n i n g  as  a s t u d e n t  n u r s e ,  

ahd th e  l e s i o n  has  rem ained  s t a t i o n a r y  d u r i n g  18 months 

o f  t h i s  work.

T h is  c a se  i s . o f  i n t e r e s t  f o r  two f e a s o n s : -

( i )  I t  i s  the  o n ly  c ase  in  a s e r i e s  o f  20 i n  which 
s t r i k i n g  improvement fo l lo w ed  t h e  a d m i n i s t r a t i o n  
o f  t u b e r c l e  end o to x o id .

( i i )  The s a t i s f a c t o r y  outcome i n  t h i s  c a s e  was 
u n e x p e c te d  i n  a g i r l  o f  16 n o t  t r e a t e d  by  
c o l l a p s e  m easu re s .
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PROGRESSIVE PULMONARY TUBERCULOSIS INFECTIVE HEPATITIS 

Case 1U (W.H.S. )

Admitted  in  p o o r  g e n e r a l  c o n d i t i o n .  He 

had a h i s t o r y  o f  cough and sputum f o r  20 y e a r s ,  and 

o f  i l l n e s s  f o r  1 y e a r  b e f o r e  a d m iss io n .  The 

sk ia g ram  showed d i f f u s e  t u b e r c u l o u s  i n f l i l t r a t i o n  

o f  b o t h  lu n g s  w i t h  a sm al l  p l e u r a l  e f f u s i o n  a t  t h e  

l e f t  b a s e .  C o l l a p s e  t h e r a p y  was c o n t r a i n d i c a t e d ,  

b u t  he improved a t  f i r s t  d e s p i t e  an a t t a c k  o f  

i n f e c t i v e  h e p a t i t i s  in  th e  3 r d  month which c o i n c i d e d  

w i t h  a sudden tem p ora ry  improvement i n  th e  E .S .R .

T h is  s lo w in g -E .  S.R. has  been  o b se rv e d  in  o t h e r  c a s e s  

o f  i n f e c t i v e  h e p a t i t i s ,  b u t  was n o t  a c o n s t a n t  f e a t u r e  

o f  12 o f  my own p e r s o n a l  c a s e s .  Walton (1933) and 

o t h e r s  have o b s e rv e d  a s low in g  o f  E .S .R .  i n  some 

c a s e s  o f  l i v e r  damage.

T h e r e a f t e r  h i s  c o n d i t i o n  d e t e r i o r a t e d  . 

s l o w l y ,  and t h e r e  was ev id e n ce  o f  haematogenous 

s p r e a d  i n  th e  9 t h  month fo l lo w e d  i n  t h e  10 th  month 

b y  symptoms o f  m e n i n g i t i s .

The E. S. R. p e r s i s t i n g  f o r  any l e n g t h  o f  

t im e  a t  80 mm/2nd h o u r  o r  o v e r  i n d i c a t e s  a v e r y  

p o o r  p r o g n o s i s .



PHRENIC EVULSION FOLLOWED BY THORACOPLASTY

Case 15 (H.R. )

A d m i t te d  i n  good g e n e r a l  c o n d i t i o n  w i t h  a 

h i s t o r y  o f  cough ,  sputum, m a l a i s e  and l o s s  o f  w e ig h t  

f o r  2 m onths  and r e c e n t  c h e s t  p a i n  a t  th e  l e f t  apex .  

The sk ia g ram  showed e x u d a t i v e  m o t t l i n g  i n  the  r i g h t  

u p p e r  and low er  l o b e s ,  and  i n  th e  l e f t  u p p e r  l o b e ,  

where t h e r e  were  p o s s i b l y  s m a l l  c a v i t i e s .  A c o u r s e  

o f  i n t r a v e n o u s  g o ld  i n j e c t i o n s  was g iv e n  and was 

f o l lo w e d  b y  some r a d i o l o g i c a l  improvement .  At the  

Uth month a c a v i t y  had  a p p e a re d  in  the  r i g h t  u p p e r  

lo b e .  An A.P. i n d u c t i o n  was a t t e m p t e d ,  b u t  f a i l e d .

He had  a s l i g h t  a t t a c k  o f  a p p e n d i c i t i s  a t  th e  5 th  

month, and s l i g h t  j a u n d i c e  which c o n t r a  i n d i c a t e d  

f u r t h e r  g o ld  t r e a t m e n t .  As t h e  c a v i t i e s  i n  the  r i g h t  

were l a r g e r  he was s e e n  b y  a t h o r a c i c  su r g e o n  who 

p o s tp o n e d  d e c i s i o n  r e g a r d i n g  o p e r a t i v e  t r e a t m e n t  a s  

t h e  g e n e r a l  c o n d i t i o n  was n o t  good and he was f e b r i l e .  

A f u r t h e r  a t t a c k  o f  a p p e n d i c i t i s  n e c e s s i t a t e d  

ap p en d ice c to m y  i n  the  8 t h  month.  As he was s t i l l  

u n f i t  f o r  major  s u r g e r y  a t  t h e  1 0 th  month t h e  r i g h t  

p h r e n i c  n e r v e  was e v u l s e d .  T h is  was f o l lo w e d  by  a 

p e r i o d  o f  g e n e r a l  improvement,  i n c l u d i n g  c l e a r i n g  

o f  t h e  l e f t  a p i c a l  l e s i o n .  A t e n  r i b  p a r a v e r t e b r a l
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t h o r a c o p l a s t y  was pe rfo rm ed  i n  t h r e e  s t a g e s  

commencing a t  t h e  1 5 th  month. This  was fo l lo w e d  

by  a t em p ora ry  d e t e r i o r a t i o n  i n - E .S .R .  which one 

e x p e c t s  a f t e r  b lo o d  l o s s  and t i s s u e  damage. There  

a f t e r  h e  d i d  w e l l ,  though th e  l o s t  w e ig h t  was n o t  

f u l l y  r e g a i n e d ,  and a t  t h e  2Uth month he  was 

t r a n s f e r r e d  to a t u b e r c u l o s i s  t r a i n i n g  c o lo n y  

where he has  done u s e f u l  work f o r  o v e r  two y e a r s  

though  th e  c o n d i t i o n  o f  the  l e f t  lu n g  has  a t  t im e s  

c a u se d  s l i g h t  conce rn .
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PREGNANCY

C a s e  16 (L .H .  )

An u n m a r r i e d  g i r l  o f  20  w a s  a d m i t t e d  i n  

g o o d  c o n d i t i o n ,  w i t h  5 m o n t h s  h i s t o r y  o f  s l i g h t  j,

c o u g h ,  a n d  s p u t u m ,  d y s p n o e a ,  a n o r e x i a  a n d  m a l a i s e ,  

f o l l o w e d  h y  h a e m o p t y s i s  3 m o n t h s  b e f o r e  a d m i s s i o n .

The  s k i a g r a m  s h o w e d  a l i t t l e  s u s p i c i o u s  s h a d o w i n g  

o u t s i d e  t h e  h i  l a ,  a n d  a n  e n l a r g e d  h i l a r  g l a n d  o n  t h e  

l e f t .

M e n s t r u a t i o n  w a s  s a i d  t o  h e  r e g u l a r  b e f o r e  

a d m i s s i o n ,  b u t  f r o m  t h e n  o n w a r d s  t h e r e Y a m e n o r r h o e a .

The  s y m p to m s  e x c e p t  d y s p n o e a ,  d i s a p p e a r e d ,  and. t h e r e  

w a s  no  c h a n g e  i n  t h e  s k i a g r a m .  The  r i s i n g  E . 3 . R .  

s u g g e s t e d  t h e  n e c e s s i t y  f o r  a  f u l l e r  i n v e s t i g a t i o n ,  

a s  i t  w a s  c o n s i d e r e d  u n l i k e l y  t h a t  i t  w a s  d u e  t o  

h e r  t u b e r c u l o s i s .  She w as  f o u n d  t o  b e  U'h m o n t h s



PULMONARY TUBERCULOSIS AND S Y P H IL IS .

Case 17 (P .L .  )

A d m it ted  in  f a i r  g e n e r a l  c o n d i t i o n  w i t h  

f o u r  months h i s t o r y  o f  c h e s t  p a i n ,  cough,  sputum, 

a n o r e x i a ,  m a l a i s e  and n i g h t  sweats* The s k ia g r a m  

showed a dense  c o n t r a c t i n g  l e s i o n  w i th  c a v i t i e s  i n  

th e  u p p e r  t h i r d  o f  t h e  r i g h t  l u n g ,  c o a r s e  m o t t l i n g  

i n  t h e  r e m a in d e r  o f  th e  r i g h t  lu n g  and d i s c r e t e  

p r o l i f e r a t i v e  m o t t l i n g  i n  t h e  l e f t  l u n g .  The h e a r t  

and m ed ia s t in u m  were drawn over  to  the  r i g h t .

The r i g h t  A.P. was o n ly  p a r t i a l l y  s e l e c t i v e ,  

and t h e  a d h e s io n s  c o u ld  n o t  he  c a u t e r i s e d .  But i n  

s p i t e  o f  t h i s  and an i s c h i o - r e c t a l  a b s c e s s  which 

d e v e lo p e d  a t  th e  5 th  month he made r e a s o n a b l e  p r o g r e s s .  

The d e t e r i o r a t i o n  i n  E. S.R. a t  t h e  8 t h  month  was a t  

f i r s t  b lam ed on the  i s c h i o - r e c t a l  a b s c e s s ,  f o r  which 

a two s t a g e  o p e r a t i o n  was pe rfo rm ed .  But  th e  s t a t i o n a r y  

c o n d i t i o n . o f  h i s  t u b e r c u l o u s  l e s i o n s  and t h e  p e c u l i a r  

b e h a v i o u r  o f  h i s  s e d im e n t in g  b lo o d  ( s e e  c h a r t )  sugges ted ,  

t h a t  one o f  th e  o t h e r  c a u s e s  o f  r a i ) id  E .S .R .  s h o u ld  be  

s o u g h t .  The f a l l i n g  e r y t h r o c y t e s  a t t a i n e d  an u n u s u a l  

v e l o c i t y  f o r  a v e r y  s h o r t  t ime.  I t  was a lm o s t  

i m p o s s i b l e  to  t a k e  a c c u r a t e  r e a d i n g s .  Then th e  f a l l  

c o n t i n u e d  a t  a much s lo w e r  speed  f o r  a n o t h e r  h o u r .

His  W.R. was s t r o n g l y  p o s i t i v e .  No h i s t o r y  o f  p r im a r y  

s y p h i l i s  cou ld  be e l i c i t e d .
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ANOMALOUS IMPROVEMENT IN  E . S .  R.

Case 18 ( M r s . A . )

A d m it ted  i n  f a i r l y  good g e n e r a l  c o n d i t i o n ,  

w i t h  a h i s t o r y  o f  d r y  cough f o r  a y e a r ,  dyspnoea 

o f  lo n g  d u r a t i o n ,  and more r e c e n t  h u s k i n e s s ,  c h e s t  

p a i n  and s c a n t y  sputum. The sk ia g ram  showed a 

c o n t r a c t e d  r i g h t  u p p e r  lo h e  w i t h  a c a v i t y ,  some 

m o t t l i n g  i n  th e  r i g h t  mid zone and heavy  e x u d a t iv e  

m o t t l i n g  i n  the  l e f t  mid zone.

A r i g h t  a r t i f i c i a l  p neum o- tho rax  was 

in d u ce d  and i n t r a v e n o u s  g o ld  i n j e c t i o n s  were com

menced,  h u t  c e a s e d  a f t e r  t h e  second  i n j e c t i o n  when 

a r a s h  a p p e a re d  w h ic h  r a p i d l y  d e v e lo p ed  i n t o  a v e ry  

s e v e r e  e x f o l i a t i v e  d e r m a t i t i s  w i t h  marked s u b c u ta n e o u s  

oedema. At t h i s  t im e  th e  E .S .R .  improved to  a f i g u r e
i

w i t h i n  norm al  l i m i t s  -  a change which  o b v i o u s l y  had ' 

no c o n n e c t i o n  w i th  t h e  c o u rse  o f  t h e  t u b e r c u l o u s  l e s i o n s .  

When th e  oedema s u b s id e d  th e  E.S*R. r e t u r n e d  t o  

a p p r o x i m a t e ly  i t s  p r e v i o u s  l e v e l .  T h is  s u g g e s t s  t h a t  

t h e  s lo w in g  m ig h t  be  due to  h a e m o - c o n c e n t r a t i o n  a s  a 

r e s u l t  o f  the  oedema, b u t  u n f o r t u n a t e l y  t h i s  q u e s t i o n  

was n o t  i n v e s t i g a t e d ,  and f o r t u n a t e l y  such  c a s e s  a r e  

r a r e ,  and th e  o p p o r t u n i t y  f o r  i n v e s t i g a t i n g  a s i m i l a r  

c a s e  has  n o t  o c c u r r e d .
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ANOMALOUS SLOW E . S . R .

Case 19 (A.L. )

Admitted, i n  good g e n e r a l  c o n d i t i o n  w i t h  
a h i s t o r y  o f  cough and sputum f o r  t h r e e  months .

The sk ia g ra m  showed an e x t e n s i v e  l e s i o n ,  m a in ly

p r o d u c t i v e ,  o f  t h e  r i g h t  u p p e r  zone ,  which  p r o b a b ly

c o n t a i n e d  a c a v i t y ,  and some s c a t t e r e d  n o d u l a r

m o t t l i n g  o f  the  l e f t  l u n g  f i e l d .  A f t e r  t h r e e  months

t r e a t m e n t  by r e s t  and g o ld  i n j e c t i o n s ,  he had

h a e m o p ty s i s ,  .and a R ig h t  A*.P. was ind u ced .  The

c a v i t y  i n  t h e  r i g h t  lu n g  was t h e n  d e f i n i t e l y  s e en .

A d hes ion s  i n  t h e  A.P. were c a u t e r i s e d  i n  two s e s s i o n s

d u r i n g  the  5 th  and 6 t h  months. At t h i s  t ime a

s p r e a d  o f  the  d i s e a s e  i n  th e  l e f t  mid zone was se en

r a d i o l o g i c a l l y ,  though i t  was c l i n i c a l l y  s i l e n t ,  and

t h e  E .S .R .  had re a c h e d  normal  l i m i t s .  This  new

l e s i o n  showed c a v i t a t i o n  a t  t h e  7 t h  month and the

c a v i t y  was s t i l l  p r e s e n t  a t  the  9 t h  month ,  though

th e  e x u d a t i v e  l e s i o n  was sm a l l .  L e f t  A.P. was

a t t e m p t e d  a t  1 2 th  month b e c a u se  o f  x ^ r s i s t e n c e  o f

t h e  s m a l l  c a v i t y  and p e r s i s t e n t  p o s i t i v e  sputum,

b u t  f a i l e d .  He l e f t  the  Sana to r ium  f o r  economic

r e a s o n s .

In  t h i s  c ase  the  E .S .R .  a l t h o u g h  i t  

gave a good i n d i c a t i o n  o f  the  a c t i v i t y  o f  th e
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d i s e a s e  on a d m is s io n ,  f a i l e d  to  g iv e  any i n d i c a t i o n  

o f  th e  a c t i v i t y  o f  th e  d i s e a s e  i n  the  l e f t  lu n g ,  

which p r o g r e s s e d  and c a v i t a t e d  in  the  p r e s e n c e  

o f  an E .S .R .  w i t h i n  normal  l i m i t s .  I n  f a c t ,  a t  

th e  7 th  month th e  s e d i m e n t i n  i n d e x  was 0. 52, a 

f i g u r e  which Day a t  one t im e  c la im e d  r u l e d  o u t  t h e  

p o s s i b i l i t y  of  pulmonary  t u b e r c u l o s i s .

c r
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ANOMALOUS SLOW E . S . R .  •

Case 20 ( D .B . )

A d m it ted  i n  f a i r  g e n e r a l  c o n d i t i o n ,  

f e b r i l e ,  w i t h  a h i s t o r y  o f  cough ,  sputum, and 

m a l a i s e  f o r  1 month o n ly .  The sk iag ram  showed 

a l a r g e  c a v i t y  and much e x u d a t i v e  m o t t l i n g  i n  

the  L e f t  Lung and a p e r i h i l a r  sp re a d  w i t h  p o s s i b l e  

c a v i t a t i o n  i n  the  R ig h t .  A f t e r  s i x  weeks s t r i c t  

b ed  r e s t  t h e  c o n d i t i o n  was d e t e r i o r a t i n g ,  and a 

L e f t  A.P. was in d u c e d ,  and as  th e  d i s e a s e  

c o n t i n u e d  t o  e x te n d  i n  t h e  R i g h t ,  a R ig h t  A.P. 

was in d u ce d  as  a l a s t  hope a t  3 months. Toxic  

E n t e r i t i s  d e v e lo p e d ,  and she d ied  a t  6 months.

T h is  i s  th e  o n ly  c a s e  I  have  seen  

o f  t e r m i n a l  s low ing  o f  th e  E .S .R .  , which has  

b e e n  r e p o r t e d  b y  o t h e r  o b s e r v e r s .  A p o s s i b l e ,  b u t  

u n l i k e l y  e x p l a n a t i o n  i n  t h i s  c a se  i s  t h a t  the  

E n t e r i t i s  c au se d  h a e rn o c o n c e n t r a t io n  which i n  t u r n  

c a u s e d  s lo w in g  o f  th e  E .S .R .  U n f o r t u n a t e l y  t h i s  

was n o t  i n v e s t i g a t e d .





PULMONARY F IB R O SIS

Case 21( J .N .  )

A dm it ted  i n  f a i r l y  good g e n e r a l  c o n d i t i o n  

w i t h  a h i s t o r y  o f  s l i g h t  cough and s p i t  s i n c e  "being 

g a s s e d  i n  1918. There  was a r e c e n t  h i s t o r y  o f  

s t a i n e d  sputum and s l i g h t  dyspnoea .  The sk ia g ram  

showed c o n s i d e r a b l e  c o n t r a c t i o n  o f  t h e  r i g h t  

h e m i t h o r a x ,  w i th  h a rd  s t r i a t e d  shadows in  t h e  lower  

h a l f  and i n c r e a s e  o f  the  lu n g  m a rk in g s .  On t h e  

l e f t  t h e  lu n g  m ark ings  were i n c r e a s e d  and somewhat 

w oo l ly .  T u b e rc le  b a c i l 1 i  were n o t  found  in  th e  

sputum. The E. S. R. was 2 mm/2nd hour .

A l though  t h i s  f i n d i n g  d id  n o t  i n  i t s e l f  

r u l e  o u t  a d i a g n o s i s  o f  pulmonary  t u b e r c u l o s i s ,  

i t  was o f  g r e a t  h e lp  i n  a r r i v i n g  a t  th e  d i a g n o s i s  

o f  non t u b e r c u l o u s  f i b r o s i s  o f  t h e  l u n g s .
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